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CHAPTER I: INTRODUCTION

The Late Triassic (~229 to 200 Ma) is characterized by a shift in climate, current
dynamics, and ocean temperatures as a result of the dispersal and breakup of the supercontinent
Pangea in the early Triassic. With these environmental changes, came the appearance of the first
Mesozoic reefs since the end-Permian mass extinction event, initiating the beginning of reef
growth and expansion throughout the Late Triassic time including two reef optima (Flügel,
2002). The first reef optimum was dominated by microbial-sponge reefs in the Ladinian and
earliest Carnian (~232 to 229 Ma), (Flügel, 2002; Kiessling, 2010). During the late Carnian and
middle Norian (~219 to 211 Ma) scleractinian corals began participating more regularly as
constructors alongside microbes and sponges. With the late Norian and Rhaetian (~206 to 200
Ma) came the second reef optimum of the Late Triassic; dominated by scleractinian corals
(Flügel, 2002; Bernecker, 2005; Kiessling, 2010). These expansive coral and sponge-dominated
reefs flourished throughout the broad Tethys seaway (Europe, Asia) and across the great
Panthalassa Ocean (eastern-Vietnam, Thailand, Russia, Japan; western-North America, South
America).
Western Panthalassa (North America) represents a series of “displaced terranes” which
comprise the North American Cordillera (Coney, 1989). The North American Cordillera (Fig.
1.3) consists of an extensive series of mountain ranges extending from Alaska to Mexico. The
Cordillera is a jigsaw puzzle of Paleozoic to Mesozoic rocks which have close affinities to those
across the Panthalassa in the Tethys region (Blogett and Stanley, 2008) The term “Tethys” has
multiple meanings; for the purpose of this thesis, the terms “Tethys” and its derivation “Tethyan”
agree with the definition proposed by Newton (1988) referring to the Tethys as the geographic
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region which houses Tethyan fossils. When discussing North American fossils that are Tethyanlike, it refers to a similarity or resemblance, not an actual Tethyan occurrence in North America.
Most North American terranes represented Late Triassic tropical to subtropical volcanic islands
which developed carbonate buildups. Volcanic islands created ideal environments for reef
growth, which can be seen throughout the North American Cordilleran terranes. Like the distant
Tethys which harbored numerous reef complexes containing scleractinian corals, hydrozoans,
tabulozoans, hypercalcified sponges, and other reef-dwelling organisms (e.g., foraminifers,
microproblematica, calcareous algae, echinoderms) (Zankl, 1969, 1971; Flügel, 2002, 2004;
Bernecker, 2005; Kiessling, 2010), the North American series of volcanic island-arcs provided
an ideal environment for reef constructors and other reef organisms. Today, these former
volcanic island arcs make up many of the “displaced terranes” comprising the North American
Cordillera (Coney, 1989). Some of the accreted terranes house reef fossils and carbonate facies
that are almost identical to those seen in the Dachstein Limestone and other areas of the Northern
Calcareous Alps (Zankl, 1969; Stanley and Senowbari-Daryan, 1986; Newton, 1988; Stanley,
1994; Caruthers and Stanley, 2008b).
Late Triassic reefs and constructors.—The primary reef builders throughout the Triassic
were hypercalcified sponges and scleractinian corals. Calcareous algae and microbes also played
roles as primary and secondary reef builders (Flügel, 2002, 2004). Where these reef builders
thrived depended on water current, depth, temperature, wave-action (trade winds) and
paleolatitude. The Triassic equator existed between 15◦ and 50◦ (Tucker and Benton, 1992;
Flügel, 2002, 2004). Late Triassic (Carnian-Norian) reef distribution is found between 15◦ S and
25◦ N of the paleoequator (Fig. 1.1) (Flügel, 2002, 2004).
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Scleractinian corals as paleogeographic and paleoecologic indicators.—The systematic
identification of scleractinian corals is pertinent to understand the reef ecology. Reef
sequences can be determined by understanding the general life-styles of varying species such
as their ecologic and environmental habitats (e.g., water-depth).
This thesis focuses on the paleoecology of the Upper Triassic (Carnian-Norian) reef
sequence in the Wallowa terrane of the Blue Mountain Province, Oregon. This reef is almost
identical in reef taxa and carbonate facies to the Dachstein Limestone in the Northern
Calcareous Alps, Austria.

Figure 1.1—Global reconstruction of continental positions during the Triassic time
illustrating paleogeographical relationships of the displaced terranes (Modified from Flügel
2002; Stanley, Pers. Com.).
GEOLOGIC HISTORY OF THE NORTH AMERICAN CORDILLERA
The North American Cordillera (Fig. 1.2) consists of an extensive series of mountain ranges.
The Cordillera of western North America extends from Alaska to Mexico and represents
Paleozoic to Mesozoic accreted Panthallasan terranes most of which existed in the eastern
Panthalassa as tropical to subtropical volcanic islands. Most of those of island-arc affinity
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developed Upper Triassic reef carbonates (Stanley, 1988, 1996; Stanley and Senowbari-Daryan,
1999).
Within these Upper Triassic reef carbonates are silicified and recrystallized scleractinian
corals, hypercalcified sponges and associated reef constituents. Reef fossils and carbonate facies
in the terranes of Alaska (Alexander terrane, Chulitna terrane, Stikine) and Canada (Quesnel
terrane, Wrangellia) have been extensively studied to determine their Late Triassic
paleogeographic positions and relationships to each other and the Tethys (Silberling et al., 1984).
Slightly south of the Alaska and British Columbian terranes, in present day northeastern Oregon
and western Idaho exist a group of much smaller terranes that greatly resemble those of Alaska
and British Columbia. This assembly of terranes is now called the Blue Mountain Province and it
represents a series of late Paleozoic to early Mesozoic tectonic terranes that preserves a geologic
record of subduction, magmatism, basin formation, and accretion (Brooks and Vallier, 1978;
Dickinson, 1979; Avé Lallemant et al., 1980; Silberling et al., 1984; Burchfiel et al., 1992; White
et al., 1992; Avé Lallemant, 1995; Vallier, 1995; Dorsey and LaMaskin, 2007).
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Figure 1.2 – Generalized map of the North American Cordillera indicating approximate
positions of accreted terranes (Modified from Jones et al., 1972 and 1977).

GEOLOGY OF THE BLUE MOUNTAIN PROVINCE
The Blue Mountain Province of northeastern Oregon and western Idaho is an assemblage
of accreted Paleozoic-Mesozoic terranes (Dickinson and Thayer, 1978; Dickinson, 1979, 2004;
Brooks and Vallier, 1978; Vallier, 1995). Together, the terranes have a general east to northeast
trend (Gray and Oldow, 2005; LaMaskin, 2008) and represent two volcanic island arcs (Wallowa
and Olds Ferry), a subduction complex (Baker) and an overlying deposit of marine sediment
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(Izee area) (Fig. 1.4). The relationship between the Wallowa, Olds Ferry, and Baker terranes is
still poorly understood. It is generally accepted that the terranes of the Blue Mountain Province
were amalgamated and intruded by post-tectonic batholiths and plutons by the Late JurassicEarly Cretaceous (Armstrong et al., 1977; Vallier and Brooks, Vallier, 1995; LaMaskin, 2008;
Schwartz et al., 2010). Wilson and Cox (1980) reported paleomagnetic data indicating a
Cenozoic clockwise rotation of ~60

for the Blue Mountain Province prior to accretion of the

North American craton. A reconstruction of this places the Blue Mountain Province in a northsouth orientation.
Previous workers in the Wallowa and Olds Ferry terranes have suggested several models
relating to their paleogeographic relationship (Fig. 1.3). White et al. (1992) (Not shown in figure)
suggested the Wallowa and Baker terranes developed together as an arc-axis and forearc basin
that underwent a switch in subduction initiating volcanism in the Olds Ferry island-arc during the
Late Triassic. Vallier (1995) agreed with this model with minor modifications (Fig. 1.3-1).
According to Dickinson (1995) (Fig. 1.3-2), Wallowa and Olds Ferry were two distinct islandarcs, separated by a large forarc basin (Baker) during Middle to Late Triassic time. Follo (1992;
1994) proposed Late Triassic uplift and erosion in the Baker terrane and west-dipping subduction
beneath the Wallowa arc, resulted in closure of a marginal basin and the initial interaction with
the Olds Ferry terrane by Middle Jurassic time (Fig. 1.3-3). Dorsey and LaMaskin (2007)
proposed constant subduction of a doubly-vergent arc-arc collisional complex as early as Late
Triassic time (Fig. 1.3-4). Most of these models have analyzed plutonic ages and suture zones in
the Blue Mountains province; however, none have closely examined fauna data as a link between
the terranes of the Blue Mountain Province and eastern Panthalassa.
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Figure 1.3—Previous tectonic models for the amalgamation of the Blue Mountain
Province. (1) Two-arc model, with a west-facing forarc basin represented by marine deposits
“Izee terrane,” modified from Dickinson (1995). (2) Middle to early Triassic and early to
middle Jurassic single-arc models. (3) Triassic uplift and erosion of the Baker terrane due to
strike-slip deformation in the Oxbow shear zone, modified from Follo (1992). (4) Late
Triassic doubly-vergent arc-arc collisional complex with up-lifting thrust belt (Baker
terrane), modified from Dorsey and LaMaskin (2007).
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Wallowa terrane.—Volcanic and sedimentary rocks ranging from Early Permian to Late
Jurassic time comprise the Wallowa terrane. The lower portion of rocks is made up of volcanic
and volcaniclastic rocks of the Seven Devils Group (Vallier, 1977) and Permian to Late Triassic
“Lower Sedimentary Series” (Prostka, 1962). These rocks are overlain by the Upper Triassic
(late Carnian-early Norian) Martin Bridge Formation (Ross, 1938; Stanley et al., 2008) which
represents the largest accumulation of limestone in the Blue Mountain Provence. Stanley et al.
(2008) separated the Martin Bridge Formation into three members in the southern Wallowa
Mountains based on environment: Eagle Creek Member (carbonate slope), Summit Point
Member (Reef), and Scotch Creek Member (lagoonal, carbonate shoals). Overlying and
interfingering the Martin Bridge Formation is the Late Triassic to Early Jurassic Hurwal
Formation (Nolf, 1966; Imlay, 1986). The Hurwal Formation is a thick sequence of basinal
volcaniclastic argillites and minor carbonate rocks and conglomerates which represents deep
water deposition. Nolf (1966) recognized the Deadman Lake Breccia in the northern Wallowa
Mountains as an older sequence of volcaniclastic and limestone breccia in the younger Hurwal
Formation. Follo (1986; 1992) recorded the presence of a similar conglomerate in the southern
Wallowa Mountains made up of volcaniclastic, chert, and limestone clasts. The limestone clasts
are rich in Carnian to Norian age reef fossils that appear quite similar to those of the late Carnian
to early Norian Summit Point Member of the Martin Bridge Formation.
Olds Ferry terrane.—Adjacent to the Wallowa terrane is the Olds Ferry terrane (Fig. 1.4).
The Olds Ferry terrane represents a Middle Triassic to Lower Jurassic volcanic island-arc
succession different from the Wallowa terrane (Brooks and Vallier, 1978; Dickinson and Thayer,
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1978; Brooks, 1979; Silberling et al., 1984; Tumpane, 2008; LaMaskin, 2008). Within the Late
Triassic to early Jurassic upper member of the Huntington Formation, is a thin bed of detrital
carbonate conglomerates, herein, the Willow Spring conglomerate (Figs. 4.1, 4.5). T.A.
LaMaskin (Oregon State University) recently discovered Carnian-Norian reef fossils in the
limestone clasts that closely resemble those in the Excelsior Gulch conglomerate (LaMaskin, et
al., in review).

Figure.1.4—Geologic map of the Blue Mountain Province showing locations of the Martin
Bridge and Huntington Formations (Modified from Dorsey 2007).

STATEMENT OF PURPOSE
The Summit Point locality was first mentioned in Follo’s PhD dissertation (1986) and was
later described as an “in situ Dachstein-type reef” by Stanley and Senowbari-Daryan (1986)
where they provided a brief discussion of the general reef fossils and carbonate microfacies.
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Since Stanley and Senowbari-Daryan’s initial assessment of Summit Point, no work on the reef
fossils or carbonate microfacies has been investigated. This project is therefore a detailed
extension of their preliminary investigation. The primary objectives of this project were to: (1)
determine the diversity and abundance of corals and depositional environments (carbonate
microfacies) at the Summit Point type locality, Martin Bridge Formation and Excelsior Gulch
conglomerate, Hurwal Formtion (Wallowa terrane) in order to; (2) compare the paleoecologic
findings with the limestone conglomerate exposed in the informal upper member of the
Huntington Formation, Willow Spring (Olds Ferry terrane) which would help; (3) determine the
Late Triassic relationship and proximity between the Wallowa and Olds Ferry terranes; (4) the
paleoecology of the Late Triassic Wallowa and Olds Ferry terranes, and their tectonic
relationships would then provide evidence for comparisons with coeval carbonate reefs in the
Tethys realm and eastern Panthalassa terranes. The following chapters discuss the methods and
findings of each objective.
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CHAPTER 2: METHODS
This project investigated the paleontology and carbonate facies of Upper Triassic to Lower
Jurassic marine sedimentary rocks of the southern Wallowa Mountains in the Wallowa terrane
and an Upper Triassic limestone conglomerate in the Olds Ferry terrane, northeastern Oregon.
The Late Triassic (Carnian to Norian) Summit Point Member of the Martin Bridge Formation
and the Norian Excelsior Gulch conglomerate of the Upper Triassic to Lower Jurassic Hurwal
Formation in the Wallowa terrane are known to contain reef and reef-related fossils (Follo, 1986,
1992, 1994; Stanley and Senowbari-Daryan, 1986; Stanley et al., 2008). In the adjacent Olds
Ferry terrane, previously unknown reef taxa were discovered by Dr. Todd LaMaskin (University
of Oregon) in a small limestone outcrop (herein referred to as the Willow Spring conglomerate)
in the Lower Jurassic upper member of the Huntington Formation (LaMaskin et al., in review).
Field and laboratory analyses were conducted to determine the paleoecology (focusing on
scleractinian coral diversity and abundance) and sedimentology for the Summit Point Member,
Excelsior Gulch conglomerate, and Willow Spring conglomerate. Fossils are almost impossible
to identify in the field due to major recrystallization of the limestone, therefore, all samples were
collected for laboratory analyses (detailed below). The type localities for the Summit Point
Member and Excelsior Gulch conglomerates are located northeast of the town of Halfway,
Oregon in the Wallowa-Whitman National Forest in the southern Wallowa Mountains (Fig. 2.1).
The Willow Spring conglomerate is located on the Oregon side of the Snake River near the town
of Huntington, Oregon (Fig. 2.1).
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Figure 2.1.—Map of part of northeastern Oregon and western Idaho showing general locations of
sites visited in the Olds Ferry and Wallowa terranes.

Field Methods
Missions.—Field investigations took place in the summers of 2007, 2008, and 2009. Seven
days were spent in the Wallowa Mountains (Wallowa terrane) in July of 2007 with Dr. George
Stanley, Dr. Tetsuj iOnoue (Kagoshima University, Japan), Dr. Rosanna Martini (University of
Geneva, Switzerland) and Sylvain Rigaud (PhD student, University of Geneva, Switzerland) who
were conducting collaborative research for a worldwide project funded by the Swiss National
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Science Foundation (SNSF). This global study investigates the evolution of microfaunas and
sediments in the Upper Triassic to provide insights into palaeogeography and tectonic
interactions as a result of reef and carbonate buildup development in the Tethyan and
Panthalassan Oceans. The purpose of this initial expedition was to obtain an introduction to the
geology of the Wallowa terrane; begin collaborative efforts with Dr. Onoue, Dr. Martini, and Mr.
Rigaud; establish goals and objectives for this project; determine the primary localities I would
examine in detail the following summer; and collect preliminary fossil and lithofacies samples.
In May and June of 2008, I spent four weeks in the southern Wallowa Mountains with
Sylvain Rigaud (University of Geneva) who was studying the sedimentology of the Martin
Bridge Formation using microfossils as a tool to determine depositional environments. Principal
sites were located the previous summer; however, in order to find unpublished and new
localities; we used Google Earth to find limestone exposures in the Wallowa Mountains. The
light gray color of limestone can be seen with satellite imagery (Fig. 2.2). This mission consisted
of the majority of my field work; however, due to a late winter and high elevation, I was unable
to visit the Summit Point Member type locality and investigated this site for four days the
following summer (2009).
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Figure 2.2.—Google Earth satellite image of part of the southern Wallowa Mountains in the
Wallowa-Whitman National Forest; dashed regions indicate the presence of limestone.

Field Work.—Measured sections and sample collection were conducted at the type locality of
the Summit Point Member (Martin Bridge Formation) and at a fossiliferous outcrop of the
Excelsior Gulch conglomerate (Hurwal Formation), Red Gulch (Fig. 2.3). The type locality for
the Excelsior Gulch conglomerate consists of ~80 m that overlay 280 m of basinal Hurwal
argillites (Follo, 1986) that begins at the base of Eagle Creek. The only way to get to this outcrop
is by wading across Eagle Creek and climbing up the nearly vertical cliff. The exposure of
Excelsior Gulch at Red Gulch was investigated in place of the type locality due to safety
precautions and its previously reported fossil richness. Sections were measured with a 1.5 m
Jacob’s Staff, marked off in decimeter increments, a Brunton compass, and a Garmin GPS
(Geographic Positioning System). The strike and dips of rock beds were determined with a
Brunton compass and sample locations were recorded with a GPS. The exposure of the Willow
Spring conglomerate is poorly exposed and was not measured; however, sample locations were
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recorded with a GPS. GPS coordinates, assistance of Google Earth, and the previous works of
Follo (1986, 1992, 1994) contributed to the construction of a geologic map of the southern
Wallowa Mountains (Fig. 3.2)
44° 50' 00" N

44° 48' 00" N

8 km

117° 45' 00"

Figure 2.3.—Topographic map indicating the location of principal sites investigated in the southern
Wallowa Mountains, northeastern Oregon. SP: Summit Point Member stratotype; MBTL: Martin Bridge
Formation type locality; TG; Torchlight Gulch (exposure of the Summit Point Member); EGTL:
Excelsior Gulch conglomerate type locality; RG: Red Gulch (exposure of the Excelsior Gulch
conglomerate). See figure 3.1 for relative location.

Summit Point Member.—The Summit Point stratotype is on the hillside of Summit Point
north of McBride campground off US Forest Service road #7715 (Fig. 2.3). The outcrop
exposed at the type locality begins along the forest service road and continues north to the
Summit Point lookout tower where it is overlain by the Scotch Creek Member and Columbia
River Basalt (Figs. 3.3, 3.4). The Summit Point Member consists of massive unbedded, pure
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carbonate rock and an abundance of reef-building fossils that are dominated by scleractinian
corals. In order to determine diversity, abundance, and overall reef structure a section along the
east-side of Summit Point was measured and representatively sampled (Fig. 3.3). This section
included several patch-reefs which appear as concentrated build-ups of reef-building
fossils in life position. The patch-reefs were measured and sampled to determine size, dominant
reef-building organisms, associated reef fossils, and depositional environment (i.e., water-depth,
energy levels). The overlying Scotch Creek Member was measured and sampled every meter or
facies change, to obtain a general fossil composition; however, these rocks were not the focus of
this study. A second exposure of the Summit Point Member is located at Torchlight Gulch (Fig.
2.3). This outcrop is considerably smaller and was visited for sample collection and field
observations (i.e., size of outcrop, faulting, deformation).
Excelsior Gulch.—The exposure of Excelsior Gulch at Red Gulch is located off of US Forest
Service Road #7720, west of Torchlight Gulch and south of the Lily White Guard Station (Fig.
1.3). The Excelsior Gulch conglomerate is a sequence of limestone, volcanic, and chert clasts
which are representative of underwater debris flows (Follo, 1986, 1992, 1994). I visited this site
during the summers of 2007 and 2008. The first visit consisted of initial sampling and general
introduction to the member. The second visit involved abundant sampling of limestone clasts for
paleontologic and facies analyses and structural and sedimentological investigations. A section
was measured from the southwest to the northeast of the outcrop; samples were collected every
meter or bedding change (Fig. 3.17) to determine: (1) the number of debris flows at this
exposure; (2) limestone clast abundance; (3) reef fossil diversity and abundance.
Willow Spring.—The Willow Spring site, located on the Oregon side of the Snake River,
near the town of Huntington, Oregon (Fig. 2.1), consists of a very small, poorly exposed

17

limestone dominated conglomerate. This site was discovered by Dr. Todd LaMaskin who sent
the first reef fossils from the limesone clasts to Dr. George Stanley in 2005. I visited Willow
Spring for one day in the summer of 2008 in order assess the outcrop and collect samples. Due to
the small size and limited exposure of the outcrop, samples containing fossils were difficult to
find and were therefore combined with those from Dr. LaMaskin for laboratory analysis.
Laboratory and Sample Preparation Methods
Extensive recrystallization of limestone in the Wallowa terrane and the adjacent Olds Ferry
terrane is widespread and makes field-based rock and/or fossil identification almost impossible.
The method of preservation of silicified and recrystallized calcitic corals determines the method
in which they are identified; silicified corals are extracted from limestone using acid etching and
recrystallized corals are examined in polished and thin sections. These differences create
problems in systematics and paleobiogeography (See Appendix 1: Systematic Paleontology).
Specimens examined in this project are recrystallized; therefore, analysis and coral identification
was conducted from thin sections and polished sections.
Samples collected from field work as well as pre-existing samples in The University of
Montana Paleontology Center (UMPC) from the Summit Point Member, Excelsior Gulch
conglomerate, and the Willow Spring conglomerate were used in this study. Samples that had not
undergone extreme recrystallization were cut, grinded, and polished using The University of
Montana’s saw room. Most samples had undergone extreme recrystallization and required
analysis with thin sections. Thin sections were made by cutting the sample in at least two
perpendicular directions in order to obtain sections that cut across (transverse) the length
(longitudinal) of corals. Both transverse and longitudinal sections are used for microstructural
analysis. Each rock slice was ground with #200 to #1000 grit, and glued to a 4 x 6 inch

18

microscope slide. The couple was then dried in a completely level and dry environment for at
least 24 hours. Once drying was complete, the sample was cut again with the rock saw as close to
the glass as possible and grinded using a GMN George Müller Nurnberg GMBH machine.
Because of the nature of the material being (i.e., reef fossils), a typical 30 micron thin section
was not always beneficial. As a result of this, thickness was arbitrarily determined for each
sample based on color and fossil content.
Thin sections were used to examine coral microstructure, presence of microorganisms such
as foraminifers, and microcoprolites, and microfacies analysis and classification. Paleontological
and microfacies were studied using a petrographic microscope, and photographed with a
Lumenera Infinity Camera V.
Coral and reef fossil identification.—Coral species were identified based on growth form and
morphology, corallite division, and septal structure. These characteristics were compared with
other known species from previously studied works (See Appendix 1: Systematic Paleontology).
Positive identifications of corals were discussed by correspondence with Dr. Ewa Roniewicz
(Instytut Paleobiologii, Polska Akademia Nauk, Twarda) and personal communications with Dr.
George D. Stanley. Classification of Late Triassic corals are based on the foundation of
European Alpine reef faunal work by Reuss (1854) Frech (1890) and Volz (1896) as well as the
revolutionary modern studies of Cuif (1965-1976), Beauvais (1980), and Roniewicz (19892010). Problems do exist in the classification of Late Triassic European (Tethyan realm) and
North American corals due to different methods of preservation; however, for the purposes of
this study, classification was done based on gross morphology (Discussed in detail in Appendix
A- Systematic Paleontology).
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Other reef fossils including microfossils (foraminifers, radiolarians, and conodonts) and
ammonoids were identified with the assistance of Rosanna Martini and Sylvain Rigaud,
University of Geneva; Charles Blome, USGS; M. J. Orchard, Geological Survey of Canada and
Shunxin Zhang, University of Victory; Leopold Krystan, University of Vienna; and Tetsuji
Onoue, Kagoshima University, Japan, respectively.
Microfacies classification and analysis.—Samples collected from the sections measured at
Summit Point (Fig. 3.4) and Red Gulch (Fig. 3.17) were examined to determine depositional
characteristics and environments and assess the presence, diversity, and abundance of
microfossils. Grain counts were conducted to determine the matrix and fabric of each sample and
fossil constituents were classified using Dunham (1962) and Embry and Klovan (1971).
Depositional environments were interpreted using Flügel (2004). Results of the coral
paleontology, sedimentology, and paleoecology of the Summit Point Member, Excelsior Gulch
conglomerate, and Willow Spring conglomerate were then compared to determine their Late
Triassic paleo- biogeographic, and tectonic interactions with each other during Late Triassic
time.
Statistical Methods.—Multivariate statistical methods were used to assess paleogeographic
relationships between the localities investigated in this study (Summit Point Member, Excelsior
Gulch conglomerate, Willow Spring conglomerate) and other Late Triassic coral localities in the
North American Cordillera and the Tethyan realm. Similarity and abundance of coral species in
the Wallowa and Olds Ferry terranes were calculated using the similarity coefficients for
unweighted pair groups, Jaccard (J) and Dice (D), which compare similarity of small, unequal
sample sets. These statistics are defined as:
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J = C/(A + B – C)
and
D = 2C/(A + B)
where A is the number of species in sample 1, B is the number of species in sample 2, and C is
the number of species shared by the two localities. Both statistics range from a value of 0
indicating no similarity to a value of 1 indicating complete similarity. The Jaccard coefficient
measures similarity between sample sets, and is defined as the size of the intersection divided by
the size of the union of the sample sets. Dice’s coefficient is based on the similarity measure (01) which is defined as twice the number of terms common to compared entities divided by the
total number in both tested entities. Both the Jaccard and Dice Coefficients were used in this
analysis since the Jaccard coefficient penalizes for a smaller number of shared entries (as a
portion of all non-zero entries. This was applied based on the works of Chao et al. (2005) and
Schmachtenberg (2008) between: (1) Summit Point Member and the Excelsior Gulch
conglomerate; (2) Summit Point Member and Willow Spring conglomerate; (3) Excelsior Gulch
conglomerate and Willow Spring conglomerate.
The Jaccard Coefficient (Index) as discussed in Belasky (1996), Cecca (2002), and
Schmachtenberg (2008) was used to determine paleogeographic interactions between the Martin
Bridge Formation in the southern Wallowa Mountains (Wallowa terrane) and the Late Triassic
global relationships with: (1) Olds Ferry terrane, Oregon; (2) Wrangellia terrane, Alaska; (3)
Alexander Terrane, Vancouver Island; (4) Lime Peak, Stikine terrane and (5) Dachstein
Limestone, Northern Calcareous Alps. The results of both comparisons are discussed in Chapter
5: Findings and Results.
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CHAPTER III: UPPER TRIASSIC LIMESTONE IN THE WALLOWA TERRANE: CORALS
AND MICROFACIES OF THE MARTIN BRIDGE AND HURWAL FORMATIONS
INTRODUCTION
Within the Blue Mountain Province (Fig. 1.3) is a thick sequence of Early Permian to Late
Triassic volcanic and plutonic rocks which are overlain by Late Triassic to Early Jurassic
sedimentary rocks. This rock sequence is known to represent a volcanic island-arc known as the
Wallowa terrane (Silberling and Jones, 1984). The Wallowa Mountains are part of the Blue
Mountains Province (Vallier and Brooks, 1986) and make up a broad region of central and
northeastern Oregon and parts of adjacent Idaho (Fig. 1.3). This region lies west of the Idaho
Batholith and occupies an area of approximately 7,500 km which includes the Wallowa and
Seven Devils Mountains and Hell’s Canyon. It consists of a thick sequence of Permian to
Triassic volcanic-arc rocks and an overlying cover of Upper Triassic to Jurassic marine
sedimentary rocks. Rocks of the terrane are exposed as a series of inliers within the regional
cover of the Miocene Columbia River Basalt Group (Follo, 1992b; Follo, 1994; Silberling,
1984).
The lower part of the stratigraphic sequence is composed of intermediate and silicic volcanic
and volcaniclastic rocks of the Seven Devils Group (Vallier, 1977). This group ranges in age
from the Early Permian to Middle and Late Triassic and is moderately correlative with the
Clover Creek Greenstone and “Lower Sedimentary Series” of Prostka (1962) in the Wallowa
Mountains (Fig. 3.1). Directly overlying the uppermost volcaniclastic sedimentary rocks of the
Lower Sedimentary Series is the Upper Triassic (Carnian-Norian) carbonate facies of the Martin
Bridge Formation (Figs. 3.1, 3.2) (Ross, 1938; Follo, 1986; 1992;1994). Upper Triassic to Lower
Jurassic (Norian-Pliensbachian) volcaniclastic and calcareous argillites of the Hurwal Formation
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(Nolf, 1966; Imlay, 1986) conformably overlie the Martin Bridge Formation. The Hurwal
Formation is exposed in the northern and southern Wallowa Mountains, although its exposure in
the north consists of a much thicker sequence. The last deposition of sedimentary strata in the
Wallowa terrane is the Middle to Upper Jurassic Coon Hollow Formation (Morrison, 1963;
1964; Vallier, 1974; Brooks and Vallier, 1978; Dorsey and LaMaskin, 2007) which is only
exposed in Hells Canyon. During the Late Jurassic to Early Cretaceous time the Wallowa terrane
was intruded by plutonic rocks including the Wallowa batholith.
Research in the Wallowa terrane focused on the Late Triassic (Carnian-Norian) un-bedded,
pure carbonate rock sequence of the Summit Point Member assigned by Stanley et al. (2008) as
part of the Martin Bridge Formation; and the Norian-Rhaetian Excelsior Gulch conglomerate
(Follo, 1986) of the Hurwal Formation in the southern Wallowa Mountains near the town of
Halfway, Oregon (Fig. 3.2). The purpose of this investigation was to: (1) use Late Triassic
scleractinian corals, associated reef fossils, and carbonate microfacies analysis to determine the
paleoecology and reef structure of the Summit Point Member stratotype; and (2) establish the age
and provenance of the Excelsior Gulch conglomerate based on reef constituents, carbonate
microfacies, and sedimentology at its exposure at Red Gulch.

MARTIN BRIDGE FORMATION
Ross (1938) first described the rock sequence of the southern Wallowa Mountains as the
Martin Bridge Formation and assigned its type locality along Eagle Creek near the junction of
Eagle and Paddy Creeks (Fig. 3.2). Stanley et al. (2008) pointed out problems in stratigraphic
classification and nomenclature of the Martin Bridge Formation, formally dividing it into four
members on the basis of biostratigraphic and sedimentologic data in the northern and southern
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Wallowa Mountains and Hells Canyon. They retained the original type locality of the Martin
Bridge Formation at Eagle Creek (Ross, 1938) in the southern Wallowa Mountains (Fig. 3.2). In
the northern Wallowa Mountains near the towns of Joseph and Enterprise, the Martin Bridge
Formation consists of the BC Creek and Scotch Creek Members (Fig. 3.2); while in the southern
region near the town of Halfway (Fig. 3.2), the Eagle Creek, Summit Point, and Scotch Creek
Members are all exposed. The third exposure of the Martin Bridge Formation occurs at Hells
Canyon where the BC Creek and basinal and upper sections of the Scotch Creek Member are
represented (See Stanley et al., 2008 for stratotype and reference localities). Only the Martin
Bridge Formation exposed in the southern Wallowa Mountains (Eagle Creek, Summit Point, and
Scotch Creek Members) is discussed below.
Eagle Creek Member.—The Eagle Creek Member is composed of finely laminated,
organic-rich calcareous shales (Eagle Creek facies A; Follo, 1994) that are interjected with finedgrained limestone beds (McRoberts, 1990; 1993; Eagle Creek facies B; Follo, 1994; Stanley et
al., 2008). The lowermost 100 m of the Eagle Creek Member (the Martin Bridge Formation
Stratotype) is exposed along Paddy Creek (Fig. 3.2) as designated by Stanley et al (2008). A
fining-upwards sequence of alternating limestone and shale, and well-bedded limestone alternate
with darker calcareous pyrite-rich shale and are indicative of a deep-water sedimentation on a
carbonate slope environment. Ammonoids and halobiids bivalves are the common invertebrates
found at this locality along with less common corals, and spongiomorphs. Smith (1912, 1927)
indicated a Carnian-Norian boundary at the stratotype on the basis of the last occurrence of the
halobiid bivalve, Halobia oregonensis, and an overlying lower Norian “Coral Zone.” Stanley
(1979, 1986) also recognized a diverse lower Norian coral assemblage. A rare ichthyosaur,
Shastasaurus, was described by Orr (1986), and Gruber (in Kristan-Tollmann and Tollman,
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1983) indicated the Carnian halobiids, H. rugosa and H. radiata radiata from small outcrops
near the type section. McRoberts and Stanley (1991) and McRoberts (1993) indicated a complete
sequence spanning the Carnian-Norian boundary by the last occurrence of upper Carnian
ammonoids, and the local disappearance of the middle Norian Halobia superba superba.
Summit Point Member.—The Summit Point Member differs from the Eagle Creek
Member by exhibiting massive and mostly un-bedded, pure carbonate rock, characterized by an
abundance of reef-building corals, hypercalcified sponges, spongiomorphs, and calcareous red
algae. Stanley et al. (2008) designated the Summit Point Member at its type locality ~8 km
northeast of the Eagle Creek type locality on the hillside of Summit Point in the WallowaWhitman National Forest. A second, much smaller exposure of the Summit Point Member was
also reported at Torchlight Gulch. Both of these exposures of the Summit Point Member are
described in detail below.
Scotch Creek Member.—The Scotch Creek Member was first described by Nolf (1966)
along the west side of Hurricane Creek Canyon and the south fork of Scotch Creek in the
northern Wallowa Mountains. Stanley et al. (2008) designated it as part of the Martin Bridge
Formation and maintained Nolf’s original section (along the south fork of Scotch Creek) as its
type locality. The Scotch Creek stratotype is characterized by coarse-grained, poorly sorted
bioclastic limestone and finer siliciclastic material (Follo 1994; Stanley et al., 2008). The
bioclastic layers are rich in ammonites, gastropods, corals, bryozoans, bivalves, spongiomorphs
and echinoderms (Nolf, 1966). The only exposure of Scotch Creek in the southern Wallowa
Mountains directly overlies the Summit Point Member at its type locality. Here, the Scotch
Creek Member is much thinner and consists of massive limestone succeeded by bedded units of
coarse-grained bioclastic limestone containing breccia and small cavities. The fauna and
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lithofacies of the Scotch Creek Member in the northern and southern Wallowa Mountains are
quite similar (Follo, 1994; Stanley et al. (2008)) and record the initial drowning of the Martin
Bridge carbonate platform. The interbedding and graded carbonate intervals accompanied with
the abundance of fragmented reef fossils, suggests down-slope carbonate deposition in slightly
deeper water. A detailed description of the Summit Point stratotype and its occurrence of the
Scotch Creek Member in the southern Wallowa Mountains is discussed below.
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Figure 3.1—Stratigraphic column of the Southern and Northern Wallowa Mountains. DL—
Deadman Lake Breccia; EG—Excelsior Gulch Conglomerate (modified from Follo, 1992;
Dorsey and LaMaskin, 2007).
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Halfway

8 km

Figure 3.2—Geologic map of research area in the southern Wallowa Mountains,
Wallowa-Whitman National Forest, Oregon; illustrating principle localities. CBR=Columbia
River Basalt; LLS=Lower Sedimentary Series; MB=Martin Bridge Formation; HW=Hurwal
Formation; MBTL=Martin Bridge type locality; SP=Summit Point Member stratotype;
TG=Torchlight Gulch, Summit Point Member; EGTL=Excelsior Gulch conglomerate type
locality; RG=Red Gulch, Excelsior Gulch conglomerate (Modified from Follo, 1986).
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SUMMIT POINT MEMBER

The Summit Point Member stratotype is located near the town of Halfway, Oregon in the
Wallowa-Whitman National Forest on the west side of Summit Point Peak, south of the Summit
Point lookout tower (Fig. 3.2). Follo in his PhD dissertation (1986) first referenced the outcrop,
Stanley and Senowbari-Daryan (1986) reported reef-building organisms including corals
(predominate), hypercalcified sponges, calcareous algae, and associated reef organisms,
spongiomorphs, gastropods, bivalves, echinoderms, foraminifers, and ostracodes. This was a
prelimnary report of the first Dachstein type reef in North America.
The following section describes the diversity and abundance of scleractinian corals,
associated reef organisms, and the lithofacies of the Summit Point type locality. The best
exposure of the Summit Point Member at its type locality occurs just above the US Forest
Service Road #7715 (Fig. 3.5) and continues east-northeast up the slope (Fig. 3.3).

This

exposure unconformably overlies an ~3-5 m thick of well-bedded carbonate-rich and carbonatepoor rocks alternating in a millimeter to centimeter sequence and containing ammonoids and
fragmented reef material (Figs. 3.4, 3.5B). These rocks are interpreted to be a small exposure of
the Eagle Creek Member which has been uplifted and displaced as a result of a low angle thrust
fault that runs parallel to the road (Figs. 3.3, 3.5).
Above the Eagle Creek Member is a ~35 m thick of massive light-colored to medium-gray
limestone of the Summit Point (Fig. 3.4) member is dipping ~45

SW. This exposure of the

Summit Point Member is structurally complex and rich in Late Triassic reef fossils. Numerous
faults occur throughout the region resulting in tectonic deformation, misplacement, uplift, and
repetition of the limestone beds (Fig. 3.3 illustrates faulting at Summit Point). The massive
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limestone contains abundant and diverse reef fossils in life position which is not seen in other
exposures of the Martin Bridge Formation. Marine invertebrates including scleractinian corals,
sphictozoan (chambered) and inozoan (non-chambered) sponges, spongiomorphs, calcareous red
algae, bivalves, gastropods, echinoderms, crinoids, foraminifers, microcoprolites, and ostracods.
Corals, sponges and calcareous algae are the dominant fossils found at Summit Point. These
organisms provide a framework that is bound together by subordinate reef fauna (discussed in
detail below).

Figure 3.3—Google Earth Digital image of Summit Point showing a low-angle thrust fault,
three limestone units, and the section measured. Dashed lines indicate uncertain boundaries.
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Figure 3.4—Measured section of the Summit Point Member at its type locality at Summit Point.
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Corals and subordinate reef constituents.—Late Carnian to early Norian reef building
and associated fossils were recovered from the base to the top of Summit Point (Figs. 3.3, 3.4).
The fossils recovered from the base of Summit Point include colonial and solitary scleractinian
corals, bivalves, gastropods, calcareous red algae (Solenoporacean), inozoan and sphinctozoan
sponges, crinoids, spongiomorphs, echinoderms, ostracodes, foraminifers, microproblematica,
and microcoprolites. The middle and upper regions of the massive limestone unit consist of a
series of stacked patch-reefs which are dominated by colonial and solitary corals, sphictozoan
(chambered) and inozoan (non-chambered) hypercalcified sponges, and calcareous algae,
respectively. Corals are extremely diverse representing 28 species and 16 genera (Appendix 1:
Systematic Paleontology, Plates 1-3). The most diverse is the branching phaceloid-dendroid
coral, Retiophyllia. Eight species of Retiophyllia were recovered throughout the measured
section at Summit Point: Retiophyllia caespitosa, R. fenestrata, R. cf. R. frechi, R. gephyrophora,
R. multiramis, R. norica, R. oppeli R. sp. A. Although Retiophyllia represents the most diverse
species at Summit Point, the solitary coral Distichophyllia norica is by far the most abundant. In
the higher portion of the section, D. norica produces a primary reef framework that has only
been known from the younger Norian-Rhaetian Dachstein Limestone in the Northern Calcareous
Alps (Zankl, 1969, 1971; Stanley and Senowbari-Daryan, 1986; Stanley et al., 2008). Other
corals include: Volzeia badiotica, V. sublaevis, Protoheterastraea konosensis, P. minor,
Stylophyllopsis lindstroemi, Stylophyllopsis cf. S. rudis, S. sp., Pinacophyllum cf. parviseptum,
Astraeomorpha crassisepta, Margarosmilia charlyana, Crassistella juvavica, Chondrocoenia
waltheri, Cuifia columnaris, Cuifia sp. and Procyclolites triadicus. Many of these corals are not
well known from the Carnian-Norian time but are widespread throughout the Norian-Rhaetian
Tethyan realm as common reef builders.
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The age of the Summit Point Member is constrained by unpublished conodont reports
which have been retrieved from various sections within the Summit Point Member type locality
and ammonoids recovered from the calcareous bedded shales, below the thrust fault at the
bottom of Summit Point. The base of Summit Point is considered to be lowermost Norian age
based on the occurrence of Triangularis and Transita conodont zones. The top of Summit Point
(near the look-out tower) is dated from the conodont Epigondolella spiculata in the middle
Norian Spiculata zone (unpublished data, Dr. Shunxin Xhang, University of Victory, British
Columbia and Dr. Mike Orchard, Geological Survey of Canada, British Columbia). Ammonoids
recovered from the bedded shales at the bottom of Summit Point resemble the calcareous shales
and limestone from the Martin Bridge type locality at Eagle Creek (Figs. 3.1, 3.2) and were
identified as the late Carnian ammonoid Thisbites (Leopold Krystan, University of Vienna) who
placed them in the Welleri and Macrolobatus zones (Fig. 3.5). The age constraint for the Summit
Point Member as defined by the ammonoid and conodont zones coincides with the general age of
the Martin Bridge Formation (late Carnian to middle Norian).

This also indicates the

simultaneous deposition of the Summit Point and Eagle Creek Members. The Eagle Creek
Member is represented at the Martin Bridge type locality to record a complete late Carnian to
early Norian sequence (McRoberts and Stanley, 1991; McRoberts, 1993; Stanley et al., 2008).
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1 cm

Figure 3.5—Late Carnian ammonoid Thisbites, (UMIP 12649) recovered from shales
below the Summit Point reef. Image shows moldic preservation due to a leaching of carbonate
shells.
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Figure 3.6—Field photos from Summit Point. A—Summit Point reef; B—Shale, limestone
beds, and reef debris (including Megalodontid bivalves) below the Summit Point reef; C—Block
of coral reef debris showing the dominant frame-building coral Retiophyllia in life position; D—
In situ branching corals.
Microfacies.—Five distinct standard carbonate microfacies are identified within the
measured section of Summit Point Member type locality (Figs. 3.4, 3.9). Standard microfacies
(SMF) were assigned based on the classification scheme of Wilson (1975) and Flügel (2004):
limestone and shales (SMF3) Coral framestone (SMF5), coral-sponge framestone (SMF5),
sponge-algal framestone (SMF5), peloidal-bioclastic wackestone-packstone (SMF7), Oncolitic
rudstone (SMF13) and the bioclastic grainstone (SMF11). Below the massive limestone, and
above US Forest Service Road #7715, is a layer of well-bedded limestone alternating with shale
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(SMF3). Late Carnian ammonoids, Thisbites, (Fig. 3.5) and halobiid bivalves have been
recovered from this structurally juxtaposed layer. The bedded limestone and shales are
interpreted to be a tectonically misplaced exposure of the Eagle Creek Member. Stanley et al.
(2008) interpreted the alternating carbonate-rich and carbonate-poor layers as representing the
distal fringes of carbonate turbidites in a deep water environment, which coincides to the
depositional environment of the Eagle Creek Member of the Martin Bridge Formation.
The coral framestone (SMF5) (Fig. 3.9-6) is the dominant microfacies found in the
measured section of unbedded massive limestone at Summit Point. The coral facies consists of
an assemblage of branching phaceloid and dendroid scleractinian corals. This facies dominates
the framework of patch-reefs throughout the section (Figs. 3.4, 3.7) in light to medium gray
limestone blocks (up to 12 m across, 3-4 m high) and in other areas associated with the coralsponge framestone and the sponge-algal framestone. The primary constituents are branching
colonial corals in life position, mainly of which belong to the genera Retiophyllia, and
Distichophyllia. Retiophyllia is a common and widespread phaceloid-dendroid reef-building
coral in Late Triassic reefs. Distichophyllia norica is a solitary coral but known to construct
carbonate framework in the Dachstein Plateau of the Northern Calcareous Alps. Subordinate
fossils which also contribute to the overall framework include algae, echinoderm fragments,
foraminifers, and Solenoporacean red algae. This facies is interpreted to be a high energy
shallow-marine reef environment.
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Figure 3.7.—Photo of a Retophyllia dominated patch reef at Summit Point. Photo taken by
George Stanley.

The coral-sponge framestone (SMF5) (Fig. 3.9-4, 8) is the next most common facies
found at Summit Point. This facies closely resembles the coral framestone with the exception
that other coral genera such as the cerioid corals Chondrocoenia and Crassistella, and less
common species of Retiophyllia, and Volzeia, build a framework of in situ massive limestone
alongside sphictozoan (chambered) and inozoan (non-chambered). Lesser constituents are
Solenoporacean algae and foraminifers, bivalve, gastropod, and echinoderm fragments. This
facies is found in conjunction with the coral framestone in smaller patch-reefs (6-8 m across, 2-3
m thick) and continues up the measured section of massive limestone (Fig. 3.4). Smaller patchreefs of this facies are also seen just above the massive limestone unit in the moderately bedded
bioclastic limestone of the Scotch Creek Member. The coral-sponge framestone is interpreted to
be a high energy shallow-marine reef environment and part of the main reef complex.

37

The smallest patch-reefs in the massive limestone at Summit Point are constructed by
sponges and calcareous red algae. The sponge-algal framestone (SMF5) (Fig. 3.9-3) is not as
abundant as the coral and sponge framestones but is found in association with both facies in
small patch-reefs ~2-3 m across and 1-2 m thick. The primary frame-builders are inozoan,
sphictozoan, and “chaetetid” (tabulozoans) sponges, spongiomorphiids, and calcareous red algae,
specifically Solenoporacean. This facies is found at both the Summit Point stratotype and the
smaller exposure of the Summit Point Member at Torchlight Gulch. The sponge-algal
framestone is related to the coral and the coral-sponge framestone and is considered to be a
central component of the Summit Point reef complex; representing a shallow to subtidal, well
circulated, high energy environment that could have thrived in slightly deeper water such as
between larger coral dominated patch-reefs (Flügel, 2004).
Above the reefal limestone is the Scotch Creek Member. The Scotch Creek Member
begins along the measured section with the peloidal-bioclastic wackestone-packstone (SMF13)
(Fig. 3.9-1, 2). This microfacies consists of peloids, fragments of corals, sponges, and algae and
subordinate fragments of bivalves, gastropods and echinoids. This facies slightly interfingers and
conformably overlies the massive limestone of the Summit Point Member in the Scotch Creek
Member. This facies represents the initial subsidence of the Martin Bridge carbonate platform
(Nolf, 1966; Whalen, 1988; Follo, 1994).
Approximately 5-10 m above the massive limestone and the beginning of the Scotch
Creek Member of the section (Fig. 3.4, 3.8), is a 2-3, thick marker bed consisting of biogenic,
micritic oncolites and peloids— Oncolitic-peloidal rudstone (SMF7). Oncolites are round to oval
ranging in size from a couple millimeters up to 30 mm. The nuclei of the oncolites are typically
echinoderm, coral, algae, gastropods, or bivalve debris. The matrix consists mostly of well
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rounded, well sorted peloids and finer grain sand. The size and abundance of micritic oncolites
with coral, bivalve, and echinoderm nuclei, as well as the peloidal, carbonate sand matrix are
indicative of a shallow-water, high-energy inter-patch reef environment (i.e., between patch
reefs) (Flügel, 2004).

Figure 3.8.—A portion of an oncolite from the oncolite bed at Summit Point. A- shows
typical concentric laminae alternating in organic-rich and organic-poor couplets; B- indicates the
nuclei (echinoderm).
The bioclastic packstone-grainstone (SMF11) (Fig. 3.9-5, 7) consists of gastropod, bivalve,
echinoid, sponge, coral, and algal fragments in a fine-grained matrix. Lesser constituents include
peloids, foraminifer, and microproblematica. This facies is interpreted to be a marginal reef
environment below the peloidal-bioclastic wackestone-grainstone facies (Flügel, 2004).
Similar reef fossils and microfacies are present at the smaller exposure of the Summit Point
Member at Torchlight Gulch (Discussed in detail below). This outcrop is not in contact with
other units and therefore not measured, only assessed for reef fossils and carbonate facies.
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Figure 3.9— Photomicrographs of major lithofacies found at Summit Point and Torchlight Gulch (Summit
Point Member). 1, 2—Peloidal-bioclastic wackestone-packstone (SMF13).1, left arrow shows echinoid fragment;
right arrow shows Solenoporacean red algae. 2, left arrow points to chaetetid sponge, right arrow illustrates
Solenoporacean red algae. 3—Sponge-algal (SMF5) framestone. Constituents include inozoan sponges,
Spongiomorpha, and calcareous red algae ?Microproblematica. 4, 8—Coral-sponge framestone (SMF5).4,
branching phaceloid coral, Volzeia inozoan, sphicntozoan sponges.8, pseudocolonial coral Distichophyllia, inozoan
and sphictozoan sponges.5, 7—Bioclastic grainstone (SMF11).5, magnified image of gastropods, coral, sponge, and
bivalve fragments.7, depicts fragments of Solenoporacean, sponge, echinoid, and mollusk fragments. 6—Coral
framestone (SMF5) illustrating the colonial branching coral Retiophyllia.
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TORCHLIGHT GULCH
Another, much smaller exposure of the Summit Point Member is observed at Torchlight
Gulch (Figs. 3.2, 3.10), southwest of the Summit Point type locality and southeast of the Lily
White Guard Station off of US Forest Service Road #77. Although very close in proximity to
Summit Point, there are no contacts with bordering units. Limestone at Torchlight Gulch is light
to medium gray and usually slightly darker than at Summit Point. The carbonate facies and reef
fossils are identical to what is found at the Summit Point stratotype although no overlying Scotch
Creek member is exposed. The isolated limestone outcrop is made up of large boulders (~5-25 m
across), the true thickness and diameter of these blocks is difficult to assess due to forest
coverage. These blocks are rich in Norian age reef fossils identical to those seen at Summit
Point. Dr. ShunXin Zhang (University of Victoria) identified the conodont Epigondolella
triangularis (Triangularis zone) placing Torchlight Gulch in the Lower Norian, the same as
Summit Point.
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Figure 3.10— Field photos of Torchlight Gulch. A—Partially exposed limestone assigned to the
Summit Point Member exposed at Torchlight Gulch. B—Limestone containing sphictozoan sponges (A)
and mollusks (B).C—Spongiomorph. D—Scleractinian coral Distichophyllia norica, one of the most
common corals found at this locality. E—Chondrocoenia (A) and gastropods (B).

42

Corals and associated reef biota.—Samples were collected from the various limestone
blocks throughout the site (Fig. 3.10) which contain colonial and solitary corals, sphictozoan,
inozoan and tabulozoan sponges, spongiomorphs, bivalves, gastropods, foraminifers and
calcareous red algae (Fig 3.10B—E).

Corals identified in thin sections included Volzeia

sublaevis, V. badiotica, Distichophyllia norica, Retiophyllia norica, R. fenestrata, R.frechi, R. sp.
A, and Chondrocoenia waltheri (Plates 1, 2). Volzeia sublaevis and V. badiotica are the most
abundant species found at Torchlight Gulch. Volzeia is a common Carnian coral known from the
southeastern Pamir Mountains in Tajikistan where they are observed to be primary patch-reef
constructors (Melnikova, 2001) and from the Sambosan Accretionary Complex in Japan which
was determined during ongoing research by G.D. Stanley and T. Onoue. Distichophyllia norica
also dominates reef construction at Torchlight Gulch. Here, D. norica exhibits the unique highgrowing and pseudo-colonial branching form that is seen at Summit Point. Species of the highgrowing colonial coral, Retiophyllia, are also quite common, although out-shadowed by the
abundance of Volzeia and Distichophyllia norica. Secondary reef-building and binding
contributors are chambered, non-chambered and tabulate sponges and spongiomorphs.
Subordinate fossils include bivalves, gastropods, foraminifers, microproblematica, echinoderms,
and ostracods many of which occur as skeletal debris and fragments.
Microfacies.—Torchlight Gulch displays almost identical microfacies to Summit Point. Reef
framework is constructed by branching colonial corals, hypercalcified sponges and
spongiomorphs, and calcareous algae. Bioclastic packstones and grainstones representing regions
between patch-reefs are rich in gastropods, bivalves, echinoderms, foraminifers, and other
unidentifiable skeletal fragments (Fig. 3.11). Although the Scotch Creek Member is not exposed,
rare oncolites with echinoderm, coral, and sponge nuclei are present in the bioclastic packstone-
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grainstonefacies (Fig. 3.11) indicating probable downslope debris. Measurable patch reefs are
absent from Torchlight Gulch, although reef framework facies exist. This is most likely due to
abundant faulting and displacement in the region.

Figure 3.11.—Photomicrographs of microfacies seen at Torchlight Gulch. 1, 2—Bicoclastic floatstonebafflestone; 1, tabulozoan and Retiophyllia norica with a fine-grained matrix; 2, shows Retiophyllia norica,
sponges, and encrusting algae; 3, bafflestone with corals and sponges; 4—coral framestone built by the abundant
Volzeia badiotica; 5, 6—Bioclastic grainstone-packstone; 5, arrow showing large oncolite with echinoderm and
mollusk fragments; 6, 1- points to a small oncolite with a foraminifer nuclei, 2- shows tabulozoan, 3- indicates a
gastropod.
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Discussion.—Previous studies interpreted the Summit Point Member as a small coral-sponge
reef (Stanley and Senowbari-Daryan, 1986) which represents part of a larger reef complex
(Stanley et al., 2008). Based on the biota and lithofacies (Stanley and Senowbari-Daryan, 1986;
Stanley et al., 2008) it was compared to the Upper Triassic Dachstein Reef Limestone in the
Northern Calcareous Alps, Austria (Zankl, 1969, 1971). The abundance of branching corals,
hypercalcified sponges, calcareous red algae, bivalves, gastropods, ostrocods, foraminifers, and
microcoprolites indicates a shallow-water, high energy, well circulated, normal marine
environment, not un-like that recorded in the Dachstein Limestone. The frame-builders at
Summit Point acted as constructors, while subordinate reef organisms helped to bind the reef
together. Figure 3.10-8 shows the uniquely branching coral Distichophyllia norica building a
reef frame-work while calcareous algae and inozoan sponges help bind the sediment together.
This distinctive morphology of D. norica is only observed in the Dachstein Limestone (Zankl,
1969; Stanley and Senowbari-Daryan, 1986). Dendroid-phaceloid corals acted as sediment
baffles, and low-growing, cerioid, encrusting corals and sponges acted as sediment binders. This
is observed in the very fine, well sorted carbonate sand and shelly debris in the matrix, as well as
in the microfacies seen between the patch-reefs. The primary lithofacies discussed in this section
represent multiple in situ patch-reefs which are dominated by corals, sponges, and calcareous
algae, respectively. A facies repetition occurs within the peloidal wackestone to packstone and
bioclastic grainstone. This repetition could be the result of displacement of the massive limestone
resulting from tectonic uplift. If this scenario is true, than the Summit Point Member would
actually not be an in situ reef but a tectonic limestone block, displaced into deeper water basinal
rocks.
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Table 3.1—Explanation of carbonate microfacies (SMF) showing predominate
and subordinate fossils with their respective depositional environments.
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HURWAL FORMATION
Overlying and interfingering the Martin Bridge Formation in the Southern Wallowa
Mountains is the middle Norian to early Jurassic Hurwal Formation (Smith, 1941; Prostka,
1962). The Hurwal Formation is a 350-450 m sequence of volcaniclastic and calcareous
argillites, and graywackes (Follo, 1986, 1994; Imlay, 1986; Nolf, 1966; Smith, 1941). Two
Norian aged conglomerate/breccia units made up of volcaniclastic and rounded to angular
limestone clasts are found within the Hurwal Formation, the Deadman Lake breccia (Nolf, 1966)
and the Excelsior Gulch conglomerate (Follo, 1986) in the southern Wallowa Mountains (Fig.
3.2).
Excelsior Gulch Conglomerate.— From the Excelsior Gulch type section along Eagle Creek
in the southern Wallowa Mountains (Fig. 3.2), Follo (1992) designated the Excelsior Gulch
Conglomerate as a member of the Hurwal Formation, an 80-100 m thick sequence of coarse and
pebbly sandstones and clast-supported conglomerates which have been mapped in isolated
outcrops throughout the southern Wallowa Mountains (Follo, 1986). The unit is interbedded
with basinal Hurwal argillites and displays sedimentological characteristics of resedimentation.
The limestone clasts of the Excelsior Gulch conglomerate are predominate and range in size
from one centimeter to well over one meter in diameter. These clasts were first described by
Flügel et al. (1989) and consist of fine-grained, light to medium-gray limestone rich in typical
Norian age corals and other reef biota. Subordinate clasts include intermedient-mafic volcanic
rocks and radiolarian chert, which are currently being identified by Charles Blome (USGS).
Previous studies have been unable to determine the provenance of the Excelsior Gulch
Conglomerate.
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An excellent exposure of the Excelsior Gulch conglomerate was first described by Follo
(PhD Dissertation, 1986) and is exposed at Red Gulch (Figs. 3.2, 3.12, 3.15). Over 40 meters of
the Excelsior Gulch conglomerate reveals limestone clasts abundant in Norian age reef fauna
including corals, sphictozoan, inozoan and chaetetids sponges, calcareous algae, foraminifers,
spongiomorphs, bivalves, and gastropods. The limestone clasts containing reef fauna and
microfacies found at Red Gulch closely resembles the late Carnian-early Norian Summit Point
Member exposed at Summit Point and Torchlight Gulch (Figs. 3.6, 3.9). Follo (1986 PhD
dissertation) identified the lower Norian bivalve Halobia cordillerana and the Carnian coleoid
Aulacoceras from a calcareous siltstone near the base of the Excelsior Gulch type locality.
However, these dates are indefinite due to sampling and lack of formal identification.

Figure 3.12— Map of Excelsior Gulch Conglomerate exposed at Red Gulch (Flügel et al.,
1986).
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Corals, reef constituents, clasts.—Fossils are almost always found in fine-grained light to
medium gray rounded limestone clasts and include corals, sponges, bivalves, gastropods,
foraminifers, spongiomorphs, and calcareous algae. Very rarely, a moldic imprint of a coral in
the muddy matrix of the clast-bound conglomerate was found, but preservation was too poor for
proper identification. Recovered coral species include Crassistella juvavica, Distichophyllia
norica,

Astraeomorpha

crassisepta,

Margarsmilia

charlyana,

Stylophyllopsis

sp.,

Cerioheterastraea sp., Retiophyllia sp., Chondrocoenia waltheri, and Protoheterastraea
konosensis, all identified from this locality (Plate 4). Coral preservation in the Excelsior Gulch
conglomerate clasts tends to be better than from the Summit Point Member. This may be due to
the plethora of Solenoporacean red algae, found with most of the recovered specimens.
Solenoporacean consists of high magnesium (mg) calcite instead of low-mg calcite which has
higher tendencies of recrystallization. Solenoporacean algae are also found at both the Summit
Point stratotype and Torchlight Gulch; however, not in the abundance found at Red Gulch.
Among the corals sampled, branching corals, specifically those of the genus Retiophyllia, were
found in large clasts (Fig. 3.13). This reef building genus is extremely diverse, morphologically
variable, and widespread throughout Upper Triassic strata of the North American Cordillera and
the Tethyan realm.
The exposure of the Excelsior Gulch conglomerate at Red Gulch is considered to be of
late Carnian to early Norian age (Follo, 1992) based on the Carnian celroid, Aulacoceras, and the
early Norian bivalve, Halobia cf. H. cordillerana; however, there are discrepancies in the
accuracy of identification. No evidence has been found to indicate dissimilarities between the
Summit Point Member and Excelsior Gulch. However, Radiolarian chertclasts are currently
being analyzed by Charles Blome of the USGS.
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Figure 3.13—Field photos from the Red Gulch locality. A and B— debris flows demonstrating a
fining upward trend, C-E— limestone clasts showing the branching coral Retiophyllia (C and D) and E,
showing other reef faunas. F— Excelsior Gulch Conglomerate illustrating varying sizes of well-rounded
volcaniclastic and limestone clasts within the matrix.
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Figure 3.14— Stratigraphic column of the Excelsior Gulch conglomerate at Red Gulch
illustrating the northeastern trending measured section of the unit.
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Microfacies.—The exposure at Red Gulch is dome shaped with beds dipping at 45 SE
and 45 NW respectively. The section measured (3.14) treaded from southeast to northwest and
revealed well-rounded limestone, volcaniclastics, and small chert clasts. Clasts within the
Excelsior Gulch conglomerate at Red Gulch range in size from one cm to over a meter in
diameter. Beds range in thickness from a few centimeters to almost 10 m in a consistent fining
upwards sequence. Figure 3.13B shows a cross-sectional view of a vertical column with defined
beds of clast supported volcaniclastics and matrix supported limestone and volcaniclastics. Clast
counts taken throughout the measured section were conducted in order to determine the overall
composition of the unit as well as help interpret the provenance (See Chapters 5 and 6, results
and conclusions).
Carbonate microfacies were determined by thin section from samples taken
systematically from the section as well as throughout the outcrop. Five carbonate microfacies are
represented in these limestone clasts. These facies were classified based using Dunham’S (1962)
and Embry and Klovan’S (1971) classification: (1) Bioclastic packstone-wackestone (SMF4); (2)
Solenoporacean floatstone-rudstone (F2); (3) Sponge framestone (SMF5); (4) Coral framestone
(SMF4); (5) Dasycladacean-bioclast packstone-wackestone (SMF7) (Table 3.2).
Red Gulch is dominated by limestone clasts consisting of well sorted and well-rounded
grains and Norian fossils. These clasts are classified as a bioclastic packstone-wackestone facies
(Table 3.2, Fig. 3.15-4, 5, 7, 8). The predominant fossil constituents include medium to large
bivalves, gastropods, ostrocodes, and chambered sponges. Lesser fossil elements consist of
spongiomorphs, algae, and unidentifiable skeletal fragments. This facies is interpreted to
represent shallow subtidal back-reef carbonate shoals (Flügel, 2004).
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Another dominant lithology at Red Gulch is the Solenoporacean floatstone-rudstone (Davies
and Nassichuk, 1990) facies which is supported by a fine-grained matrix, housing
Solenoporacean algae and subordinate fossil fragments (Fig. 3.15-1, 2, 3). The abundance of
Solenoporacean indicates in-place grain accumulation which can be seen in the bivalve and
gastropod in-fill. Other, less frequent fossils found in these clasts are bivalves, gastropods,
ostrocodes, foraminifers, microproblematica, and echinoid fragments. This facies represents a
shallow well-circulated, high energy environment (open-marine) such as a small patch-reef.
Solenoporacean is also common in other middle to Late Triassic patch-reefs (Flügel, 2004).
The sponge framestone (Fig. 3.15-6, 9, 12) is dominated by a framework of hypercalcified
sponges (e.g., sphictozoans, inozoans, and “chaetetids”). The framework is supported by
previously in situ sponges; the matrix was deposited in the interstices of the fossils. Subordinant
constituents include gastropod, bivalve, foraminifers, and microproblematica fragments. A
competition for space can be seen amongst the three sponge groups (e.g., Fig. 3.15-9, inozoan
sponge encrusting on a “chaetetid sponge”). This “competition” is a common dynamic in
hypercalcified sponge dominated reefs of the Late Triassic, specifically, in the Dachstein plateau
of the Northern Calcareous Alps, Austria (Flügel, 2004). The sponge framestone represents a
high energy, well circulated, slightly deeper water environment such as a carbonate slope. The
Late Triassic was a peak in deeper water sponge-dominated reefs and patch reefs (Flügel, 2004).
A comparably abundant lithology is characterized by previously in situ branching coral
colonies and is classified as a coral framestone (Fig. 3.15-10, 11). The dominate coral genera in
this lithology are Retiophyllia and Margarosmilia. Both of these genera are prominent reef
builders throughout the Late Triassic and are well known from the Dachstein Reef, and
Zlambach beds of Austria (Zankl, 1971). Figure 3.15-10 illustrates micritic cement reinforcing
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the initial in situ frame work of Margarosmilia, while figure 3.15-11 depicts a lack, or
replacement of original micritic material within the interstices of the branching Retiophyllia.
This lithology is indicative of a shallow, well circulated, high-energy environment (e.g., central
reef, patch reef) (Flügel, 2004).
The dasycladacean-bioclast packstone-wackestone occurs in rare 10-15 cm rounded, dark
limestone clasts (Flügel et al. 1989). It was described by Flügel et al. (1989) in which the authors
described a new species, Diplopora oregonensis, suggesting that the clasts originated from a
shallow-water lagoonal environment. This environment differs from environments represented
by other clasts and are most likely derived from another source. These rare clasts were not found
during field work but material resides in the UMPC.
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Figure 3.15—1, 2, 3, (UMIP 12635) Solenoporacean algal floatstone-rudstone; 1, enlarged image of
excellently preserved Solenoporacean algae; 2, 3, photo showing an abundance of Solenoporacean with
lesser bioclasts. 4, 5, 7, 8, (UMIP 12628) bioclastic packstone-wackestone; 4, photomicrograph showing
various bioclasts and well-rounded carbonate sand matrix, top arrow, oblique cut of a Duostominid
foraminifer, left arrow, bivalve fragment, right arrow, gastropod; 5, small, rare oncolite with echinoderm
nucleus; 7, magnified section of a spiny gastropod with dark microbial crusts; 8, transverse section
illustrating lesser bioclasts, top arrow indicates in-filled mollusk, bottom arrow signifies gastropod, left
arrow shows chaetes sponge, right arrow points towards sphictozoan sponge; 6, 9, 12, (UMIP 12323)
Sponge framestone; 6, chaetetid sponge, arrow indicates gastropod; 9, magnified view of encrusting
inozoan sponge on a chaetes sponge; 12; framework of hypercalcified sponges. 10, 11, (UMIP 12623)
Coral framestone; 10, phaceloid-dendroid coral, Margarsmillia charlyana; 11, reef-building dendroid
coral Retiophyllia sp.
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Table 3.2—Description of carbonate facies found within limestone clasts of the Excelsior gulch
conglomerate.

Discussion.—There have been many interpretations as to the source of the Excelsior Gulch
conglomerate in the southern Wallowa Mountains. Follo (1986, 1992) interpreted the limestone
clasts of the Excelsior Gulch conglomerate as “developing independently of the Martin Bridge
platform as fringing reef facies associated with an uplifted accretionary prism composed of
oceanic sediments and volcanic rocks” and that the most likely source was “the Baker terrane
based on the assemblage of bedded cherts, argillites, limestones, altered greenstones, and
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proximity.” Flügel et al. (1989) stated that “limestone clasts containing abundant red algae,
sponges, foraminifers, corals, spongiomorphs, and mollusks closely resemble those of an in situ
reef from a nearby locality in the southern Wallowa Mountains” (i.e., Summit Point). Follo
(1994) noted that the size of the limestone clasts, microfacies and abundant reef fossils suggested
derivation from isolated patch reefs on the slope or shelf edge.
The investigation for this thesis considers three possible sources for the Excelsior Gulch
conglomerate on the basis of lithology and fossil constituents: (1) The Summit Point Member
exhibits extremely similar fossil assemblages (corals, sponges, calcareous red algae, bivalves,
gastropods, ostrocods, foraminifers) and reef facies to the Excelsior Gulch limestone clasts. This
scenario also agrees with Follo’s (1994) hypothesis of derivation from a close proximity based
on clast size. In order for this situation to take place, a tectonic event (e.g., earthquake,
subduction) would have occurred, causing debris flows into the sedimentary basin near the
Summit Point reef. (2) Derivation from a smaller, no longer exposed reef within the Wallowa
terrane; or (3) a small reef fringing the Baker terrane which was subsequently destroyed during
accretion to the North American Craton or the amalgamation to the adjacent Olds Ferry terrane
(See chapter 4).
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CHAPTER IV: MARTIN BRIDGE-LIKE FOSSILS AND MICROFACIES IN THE OLDS
FERRY TERRANE
INTRODUCTION
Adjacent to the Wallowa terrane lies the Middle Triassic to Early Jurassic Olds Ferry terrane
(Fig. 1.4). Like the Wallowa terrane, the Olds Ferry terrane represents a volcanic island-arc
succession of sedimentary and volcanic strata (LaMaskin, 2008; Tumpane et al., 2008).
However, contrasting to the Wallowa island-arc, Olds Ferry strata have previously not been
known to contain reef taxa or facies. This section discusses a recently discovered coral-sponge
dominated reef facies found in detrital carbonate-clast conglomerates in the upper Huntington
Formation (Fig. 4.1) at the Willow Spring locality of northeastern Oregon (Figs. 4.2 and 4.3).
The Olds Ferry terrane (Fig. 1.4) represents a volcanic island-arc succession of Middle
Triassic to Early Jurassic age sedimentary and volcanic strata (Brooks and Vallier, 1978;
Dickinson and Thayer, 1978; Brooks, 1979a, 1979b; Silberling et al., 1984; LaMaskin, 2008).
LaMaskin et al. (2008) concluded that composition differences between the igneous and
sedimentary trace-elements suggest the Olds Ferry arc was built on oceanic lithosphere, of arcrelated igneous type rocks, but was a continent-fringing arc that received sediment from the
craton based on the sedimentary deposits.
Rocks in the Huntington area provide the best exposures of the Olds ferry terrane in the
BMP. They consist of the Middle to Upper Triassic Huntington Formation (discussed below) and
are overlain by the Jurassic Weatherby Formation (Fig. 4.1), a Lower to Middle Jurassic
elongated-pebble conglomerate, crystalline limestone, and slate-phyllite (Brooks, 1979a; Imlay,
1986). The thickness of the Weatherby Formation was estimated at ~7,000 m by Brooks (1979)
but map and structural data of Ave Lallemant (1983) suggest a possible total thickness of
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~5,700 m. Brooks and Vallier (1978), Brooks (1979a), and Dickinson (1979) interpreted the
contact between the Huntington and Weatherby Formations as depositional. According to
LaMaskin (2008) much ambiguity still exists in this region and further geologic mapping and
geochronology is necessary (LaMaskin, 2008). Previous workers in the Blue Mountain Province
have proposed several tectonic models to explain the relationship between the Olds Ferry and
Wallowa island arcs (See Chapter 1-previous tectonic models).

Figure 4.1—Stratigraphic column of the Huntington, Oregon region within the Olds Ferry
terrane (modified from LaMaskin, in progress).
Huntington Formation.—The Late Triassic (Carnian-Norian) Huntington Formation (Fig.
4.1) is made up of two parts; pending formal stratigraphic assignments, they are informally
referred to as the “lower” and “upper” members. The lower member consists of mafic to
intermediate volcanic flows, breccias, shallow intrusions, and volcaniclastic rocks (Vallier, 1977;
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Brooks and Vallier, 1978; Vallier, 1995), which most likely represent volcanic activity, shallow
intrusions, and associated sedimentation along the edge of the Olds Ferry arc (LaMaskin, 2008).
The upper member is characterized by volcaniclastic sandstone, turbidites, conglomerate, and
abundant rhyodacite flows and subaqueous rhyolitic breccias, indicative of a shift to explosive
silicic volcanism in a marine environment (Dorsey and LaMaskin, 2007; LaMaskin, 2008).

Figure 4.2— Geologic map of the Huntington area
illustrating limestone exposures within the
Huntington Formation (modified from LaMaskin,
2008).

Figure 4.2 and 4.3— Detailed maps of limestone exposures within the Huntington Formation
(modified from LaMaskin, 2008).
WILLOW SPRING
Reconnaissance field studies by Dr. Todd LaMaskin in 2007 revealed previously unknown
carbonate rocks representing a hiatus in volcanic activity within the lower Huntington
Formation. Found in the lower Huntington Formation are detrital carbonate conglomerates
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containing reef fossils. Reef fossils are previously unknown from the Olds Ferry terrane making
this discovery extremely important for the provenance of the limestone conglomerate. This
discovery initiated a collaborative effort with Dr. Todd LaMaskin given that proper identification
of the fossils is essential in determining the provenance of the limestone clasts. The laterally
extensive limestone unit (~30 m thick) contains marine organisms such as ammonoids and
bivalves. The best exposures of the limestone are found at a site referred to here as Willow
Spring (Figs. 4.2 and 4.3). As shown in figure 4.2, outcrops are located near the Snake River on
the Oregon side, south of Huntington and are generally poor and confined to erosional hollows
between ridges (Brooks, 1979; LaMaskin, 2005, 2008).
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Figure 4.4—Field photos of the Willow Spring locality within the lower Huntington Formation,
Oregon. A. Conglomerate limestone clasts containing coral constituents. B. Moderately rounded grayishpink limestone clast. C. Detrital limestone conglomerate outcrop along the steep slope. D. Marly shale
lithofacies.

I visited one of the limestone outcrops (Fig. 4.2A) in the lower Huntington Formation
during June of 2008. The outcrop is located on a steep slope and contains moderately rounded
limestone and volcaniclastic clasts. The limestone clasts are small (less than one meter) and are
light gray to pink in color. The clasts containing the fossil constituents are pinkish in color. From
personal fieldwork in the lower Huntington Formation during June of 2008 and collaborative
efforts with Dr. Todd LaMaskin, four reef taxa were recovered including three coral genera and a
spongiomorph.
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Figure 4.5—Illustration of stratigraphic position of the limestone unit within the
lower Huntington Formation (modified from LaMaskin, 2008).
Age.—Previous workers in the Huntington area recovered ammonite and bivalve fossils that
indicate a late Carnian to early Norian age (Brooks, 1979; LaMaskin, 2005, 2008). The Brownlee
pluton was also used for age constraints and consists of trondjemite that was dated at 234 +/- 1
MA by Walker (ms, 1986) and has been suggested as possible basement rocks for volcanic of the
Huntington Formation (Vallier, 1995).
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Ampakabastraea cowichanensis

Table 4.1—Geographic location (by terrane) and stratigraphic range of faunas identified from
the lower Huntington Formation. (X) Indicates presence, stratigraphic ages: (N) Norian, (eN),
early Norian (LaMaskin et al., in prep).
Corals and subordinate reef constituents.—Faunal collections from northeast of the town of
Huntington, Oregon by Beeson (1955), indicated the presence of ammonites Arcestes sp.,
Tropites, sp., Discotropites sp., and Sagenites sp., and the flat clam Halobia cf. H. superba and
were interpreted to be of Carnian age. LaMaskin (2008) collected ammonites indicative of the
Tropites subullatus zone of Smith (1927) which included Clinonites sp., Arcetes (Proarcestes)
cf. carpenter, Tropites sp. and Discotropites sp. Halobiid bivalves Halobia superba?, Halobia cf.
austriaca, Halobia cf. superb, and Halobia ornatissima were also recovered and provided further
fossil evidence for a late Carnian to early Norian age.
From field work in the upper Huntington Formation during the summer of 2008 and
collaborative efforts with Dr. Todd LaMaskin, four reef taxa were recovered including three
scleractinian corals, Paracuifia n. sp., Ampakabastraea cowichanensis, and Cerioheterastraea
sp. and one spongiomorph, Spongiomorpha ramosa (Plate 5, fig. 4.6). The taxa were identified in
thin section and polished samples taken from individual limestone clasts within the
conglomerate.
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Two of these Upper Triassic reef taxa, Ampakabastraea cowichanensis (Plate 5-1, 3, 4, 7),
and Spongiomorpha ramosa (Plate 5-2, 6), are both previously known from the Martin Bridge
Formation of Wallowa terrane. They are typical Late Triassic reef constituents and are widely
distributed in Upper Triassic carbonate rocks of the North American Cordillera and the western
Tethys. Terranes of occurrences are Wrangellia, Alexander, and the Wallowa terranes. Two
species of the genus Paracuifia have been identified in the Northern Calcareous Alps and the
Pamir Mountains and three species from the Wrangellia terrane. Paracuifia (Plate 5-5, 8, 9) is
currently unknown from the Wallowa terrane, constituting the first occurrence of the genus
outside the Tethys as well as in the Blue Mountain Province of Oregon. Cerioheterastraea sp.
(Fig. 4.6-3, 4) greatly resembles Cerioheterastraea sp. (Fig. 4.6-1, 2) from the Excelsior Gulch
conglomerate in the Wallowa terrane. This is the first recorded occurrence of this genus in the
Blue Mountain Province.

65

Figure 4.6.—1, 2, (UMIP 12627) Cerioheterastraea sp. from Excelsior Gulch, Wallowa
terrane; 1, Corallite with encrusting foram (alpinophragmium); 2, Colony displaying
characteristic bifurcation. 3, 4, (UMIP 12642) Cerioheterastraea sp. from Willow Spring, Olds
Ferry terrane; 3, transverse image of bifurcating corallites; 4, arrangements of corralites in
colony.

Carbonate Microfacies.—Carbonate clasts found within the Huntington Formation at the
Willow Spring locality (Fig. 4.4) range in size from pebbles to clasts 1.5 m across and vary from
pure limestone to mixed carbonate-volcaniclastic lithologies. Three facies types (Fig. 4.8) were
identified using Dunham (1962) and Embry and Klovan (1971): (1) crinoid packstonegrainstone, (2) coral boundstone-bafflestone, and (3) spongiomorph-algal grainstone (Table 4.2).
The dominant carbonate lithology at the Willow Spring site is composed of scleractinian
corals and has been classified as a coral boundstone-bafflestone facies (Table 4.2, Fig. 4.7-6).
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Corals include high-growing, dendroid-phaceoloid species such as Paracuifia sp. (Plate 5-5, 8, 9)
that acted as sediment baffles and frame builders and low-growing, cerioid, encrusting corals,
Ampakabastraea cowichanensis (Plate 5-1, 3, 4, 7) and sponge like organisms, Spongiomorpha
ramosa (Plate 5-2, 6), that contribute to the overall reef structure. Together these organisms
produce a 10-50 cm high, biostromal framework that was later in-filled with carbonate sand. The
carbonate sand component of the coral boundstone-bafflestone facies is dominated by intraclastic
peloidal carbonate rock containing grains of echinoderms (crinoids and echinoids) and mollusks
(bivalves and gastropods). Reef-void fill is detectable in many of the clasts including both
detrital silt fill and coarse cement fill. These voids are large (~3-15 cm) and are filled with red,
hematitic quartz, feldspar and carbonate sand that display well-developed sedimentary layering
and geopetal (pertaining to the top-to-bottom relations in rocks at the time of formation, i.e.,
directional indicators) structures. The silt fill is interpreted as post-depositional of inter-reef void
spaces. Coarse cement-filled voids are smaller (~0.5-4 cm) with a meniscus rim cement of
medium crystalline calcite spar that grades inward to coarsely crystalline calcite spar (Fig. 4.4)
(LaMaskin et al., in prep).

These colonial corals and branching reef taxa indicate a well

circulated shallow marine high-energy environment typical of a reef setting (Flügel, 2004).
The crinoid packstone-grainstone (Table 4.2, Fig. 4.8-1, 2) consists of well sorted and wellrounded grains with an intermittent fossil assemblage. Crinoids are the predominate allochem
and are identified from the genus “Pentacrinus”. Subordinate fossils found within these clasts
consist of well-rounded foraminifers, calcareous algae and molluscan skeletal sand. This facies is
interpreted to represent shallow, subtidal back-reef carbonate shoals (Flügel, 2004).
Less dominant clasts in the Willow Spring conglomerate are made up of spongiomorph-algal
grainstones (Table 4.2, Fig. 4.7-1, 2, 3). These clasts are characterized as fine-grained light gray
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limestone containing encrusting-platy green algae and Spongiomorpha ramosa (Plate 5-2, 6).
Additional grains include molluscan and echinoderm skeletal fragments. The presence of
Spongiomorpha ramosa coupled with echinoderm and molluscan debris implies a high-energy
shallow-subtidal lagoonal back-reef environment (Flügel, 2004).
Discussion.—The presence of reef fauna and microfacies and the rounded nature of the
limestone clasts suggest more distant transport. There are currently three possible source areas:
(1) the Summit Point reef in the Wallowa terrane, (2) a reef, not currently exposed reef in the
Wallowa terrane, and (3) a small reef associated with the Olds Ferry island-arc that subsequently
was destroyed during accretion and/or amalgamation to the Wallowa terrane (See chapter 5:
conclusions and chapter 6: discussion.

Table 4.2—Descriptions of carbonate microfacies illustrating predominate and subordinate
fossils with their respective depositional environments (LaMaskin et al., in review).
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Figure 4.7— Photomicrographs of carbonate lithofacies types. 1, 2—Crinoid GrainstonePackstone; 1, longitudinal crinoid spines; 2, transverse section of crinoids.3, 4, 5—
Spongiomorph-Algae Grainstone; 3, Magnified view of encrusting calcareous green algae; 4,
transverse section of Spongiomorpha ramosa surrounded by calcareous algae and molluscan and
echinoderm fragments; 5, magnified longitudinal image of Spongiomorpha ramosa. 6—Coral
Boundstone-Bafflestone highlighting the branching, colonial coral, Cerioheterastraea sp.
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CHAPTER 5: FINDINGS AND RESULTS

Fossils and Carbonate Microfacies in the Wallowa and Olds Ferry Terranes

Summit Point.—The Summit Point Member is exposed at the type locality of Summit Point
and a smaller exposure at Torchlight Gulch. Sampling and petrographic analysis of thin sections
showed corals as the most abundant and diverse reef builders at Summit Point. One hundred and
three limestone samples containing corals were identified from the Summit Point Member at its
type locality and Torchlight Gulch. Systematic identification revealed twenty-eight Upper
Triassic coral species, and sixteen genera (Appendix 2).From these samples, species from the
framework-building corals Retiophyllia made up 35% and Distichophyllia norica, 30%. These
corals, along with hypercalcified sponges, and calcareous solenoporacean red algae constructed
massive in situ rigid frameworks seen throughout the measured section of the Summit Point
Member (Fig. 3.4). Other reef fossils found in the patch reefs as well as in debris around the
patches include bivalves, gastropods, foraminifers, microproblematica, microcoprolites,
ostracods, and spongiomorphs.
The Scotch Creek Member overlies the reef at Summit Point revealed some fragmented coral
colonies, hypercalcified sponges, and solenoporacean red algae. However, the exposure of the
Scotch Creek Member in the southern Wallowa Mountains is poor and has been extremely
recrystallized. Three microfacies types were also identified from the measured section at Summit
Point: (1) peloidal-bioclastic wackestone-packstone; (2) oncolitic-peloidal rudstone; and
(3)bioclastic packstone-grainstone (Fig. 3.9). The peloidal-bioclastic wackestone-packstone (Fig.
3.9-1, 2) consists of peloids and fragments of reefal organisms and was first interpreted by
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Whalen (1988) to represent the initial stage of general subsidence or drowning of the Martin
Bridge carbonate platform. The oncolitic-peloidal rudstone (Fig. 3.8) contains oncolites up to 30
mm in diameter with coral, bivalve, and echinoderm nuclei. The bioclastic packstone-grainstone
contains gastropod, bivalve, echinoid, sponge, coral, and algal fragments in a fine-grained
matrix.
Excelsior Gulch (Red Gulch).—The section across the Excelsior Gulch conglomerate at Red
Gulch revealed beds ranging in size from 3 cm up to 10 m. Clasts within these beds and
comprised of limestone, volcaniclastic and chert which ranged in size from one cm to over a
meter in diameter. Clast counts were conducted along the measured section by way of sampling
every 0.5 meter or in the instance of a bed change. The results of this analysis revealed 48%
limestone clasts; 40% volcaniclastics; 10% chert clasts; and 2% other clasts.

Carbonate

microfacies analysis indicated five distinct depositional environments in the limestone clasts of
the Excelsior Gulch. Two of these microfacies represent framework (Fig. 3.15), one dominated
by sponges (sponge framestone) and one dominated by corals (coral framestone). The sponge
framework is dominated by hypercalcified sponges (e.g., sphictozoans, inozoans, and
“tabulozoans”) and supported by previously in situ sponges while the matrix was deposited in the
interstices of the fossils (3.15-6, 9, 12). The coral framestone (Fig. 3.15-10, 11) is dominated by
species of the genus Retiophyllia which, like the sponge framestone, constructed a threedimensional rigid framework during deposition. The bioclastic packstone-wackestone (Fig. 3.154, 5, 7, 8) and the dasycladacean-bioclastic packstone-wackestone (not found during field work
for this project) contain well sorted and well-rounded carbonate grains and sponge and algal
fragments as well as bivalves, gastropods, ostrocodes, and chambered sponges; both of which are
identical to those of subtidal back-reef carbonate shoals and/or lagoonal environments. The
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bioclastic packstone-wackestone microfacies also contains very rare and fairly small oncolites
with echinoderm nuclei which look quite similar to those found at Summit Point, although not
nearly as large or abundant.
Willow Spring.—The dominant fauna is the colonial phaceloid coral Paracuifa sp. (Plate 5,
figs. 5, 8, 9 ) and to a lesser extent the colonial cerioid corals, Apacabastraea cowichanensis
(Plate 5, figs. 1, 3, 4, 7) and Cerioheterastraea sp. (Fig. 4.6-3, 4) These colonial reef corals are
found in association with Spongiomorpha ramosa. Other reef fossils include indeterminate,
encrusting calcareous algae, fragments of crinoid columnals, “Pentacrinus,” calcareous algae,
echinoderms, molluscan skeletal debris, and foraminifers. Carbonate microfacies identified from
limestone clasts within the Willow Spring conglomerate in association with the above reef fossils
include: coral boundstone-bafflestone (4.7-6), crinoid packstone-grainstone (4.7-1, 2), and the
spongiomorph-algal grainstone (4.7-3, 4, 5). The coral boundstone-bafflestone is the dominant
lithology at Willow Spring and consists of the high-growing coral Paracuifia sp. and wellrounded molluscan, echinoid, and peloidal debris. The crinoid packstone-grainstone was found
to be dominated by crinoid ossicles and columnals, “Pentacrinus.” The least common lithology
found amongst the limestone conglomerates is the spongiomorph-algal grainstone, which is
dominated by Spongiomorpha ramosa and encrusting platy green algae. Other allochems include
echinoderm and molluscan fragments.

Similarity Coefficients
Locality similarities.—Paleogeographic relationships are often conducted using similarity
coefficients for the presence and abundance of certain fossils (Belasky and Runnegar, 1993). The
Wallowa terrane is interpreted to have Late Triassic paleolatitudes of 18˚ – 24˚± (4˚) north or
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south of the equator based on paleomagnetic data (Hillhouse et al., 1982; May and Butler, 1986).
Previous paleogeographic comparisons using similarity coefficients with the Wallowa terrane
and other North American terranes have also reported on statistical similarities based on coral
species (Goodwin, 1994; Yarnell, 2000; Caruthers, 2005). The three principal localities in this
study were compared based on the presence and absence of scleractinian coral species using the
Jaccard and Dice similarity coefficients (equations discussed in Chapter 2: Methods). To account
for the effects of small sample sizes and to consider possible changes in known sample sizes
(i.e., acquiring previously unknown species), probability-based critical values were used in
determining significance of similarity coefficients (Real, 1999). Table 5.1 shows the results of
the Jaccard and Dice comparisons, respectively.
JACCARD

SP

EG

WS

SP

1

0.52*

0

1

0.48

EG
WS

1

DICE

SP

EG

WS

SP

1

0.54

0

1

0.29

EG
WS

1

Table 5.1.—Shows results from the Jaccard and Dice similarity coefficients for locality
comparisons between sites in the Wallowa and Olds Ferry terranes. SP = Summit Point
Member; EG = Excelsior Gulch conglomerate; WS = Willow Spring conglomerate. “*” indicates
p-values less than 0.05.
The results of the Jaccard and Dice similarity coefficients indicate species correlations
between the Summit Point Member and Excelsior Gulch conglomerate. The Willow Spring
conglomerate does not indicate strong comparisons, however, this site is very small and
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undersampling may account for statistical disparities. More sampling and further investigations
in the region must be done before statistical analysis can be used.
Terrane similarities.—Larger paleogeographical comparisons can also be made using the
Jaccard and Dice coefficients; however, it is important to consider the method of preservation
(i.e., replacement by silica or calcite, recrystallization, etc.) of the fossils being compared. The
Wallowa terrane has previously been compared with Wrangellia and other terranes in the North
American Cordillera (Jones et al., 1977; Mortimer, 1986) on the basis of similar reef fauna and
depositional environments. Based on new coral discoveries in the Wallowa and Olds Ferry
terranes, two multivariate statistical tests were applied in order to make comparisons between the
Wallowa terrane and other terranes in the North American Cordillera and age appropriate
formations in the Tethys realm. The Jaccard (J) and Dice (D) coefficients were calculated for
coral taxa within eight distinct formations: (1) Martin Bridge Formation, Wallowa terrane; (2)
Willow Spring conglomerate, Olds Ferry terrane; (3) Southern Wrangellia; (4) Northern
Wrangellia; (5) Alexander terrane; (6) Stikine; (7) Hydra Island, Greece; and (8) Feisterscharte,
southern Dachsteinplataeu, Austria. Species lists from other terranes were taken from the works
of Roniewicz (2007, 2008, in review), Turnšek and Senowbari-Daryan (1994), Caruthers and
Stanley (2008), Stanley and Senowbari-Daryan (1999), Yarnell (2000), and Bernecker
(2005).The results are shown in tables 5.2 and 5.3.
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WA
OF
SWR
NWR
AL
ST
HY
FE

WA
1

OF
0.20
1

SWR
0.52*
0.15
1

NWR
0.83**
0.19
0.32
1

AL
0.61**
0.10
0.26
0.47
1

ST
0.22
0.00
0.11
0.13
0.18
1

HY
0.21
0.00
0.02
0.11
0.13
0.09
1

FE
0.46
0.00
0.09
0.22
0.16
0.24
0.89**
1

Table 5.2.—Calculated coral similarity coefficients for selected Carnian to early Norian
localities in the North American Cordillera and the Dachstein Plateau in the Northern Calcareous
Alps. Values were calculated using the Jaccard Similarity Coefficient that ranges from 0 to 1;
1 indicates total similarity, “*” indicates p-values less than 0.05; “**” indicates p-values below
0.01.WA = Wallowa; OF = Olds Ferry; SWR = Southern Wrangellia; NWR = Northern
Wrangellia; AL = Alexander; ST = Stikine; HY = Hydra Island, Greece; FE =Feisterscharte,
Austria.

WA
OF
SWR
NWR
AL
ST
HY
FE

WA
1

OF
0.21

SWR
0.27

NWR
0.55

AL
0.47

ST
0.36

HY
0.18

FE
0.37

1

0.16
1

0.148
0.29
1

0.12
0.30
0.33
1

N/A
0.19
0.24
0.31
1

N/A
0.05
0.10
0.08
0.06

N/A
0.10
0.21
0.17
0.12

1

0.89
1

Table 5.3.—Calculated coral similarity coefficients for selected Carnian to early Norian
localities in the North American Cordillera and the Dachstein Plateau in the Northern Calcareous
Alps. Values were calculated using the Dice Similarity Coefficient which ranges from 0 to 1.
WA = Wallowa; OF = Olds Ferry; SWR = Southern Wrangellia; NWR = Northern Wrangellia;
AL = Alexander; ST = Stikine; HY = Hydra Island, Greece; FE = Feisterscharte, Austria.
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Results from the both the Jaccard and Dice similarity coefficients indicate that the
Wallowa terrane and northern Wrangellia are most similar. Strong comparisons also exist
between the Wallowa and Alexander and Stikine terranes, although not quite as prominent. The
Wallowa terrane and the Feisterscharte Formation also show fairly high similarities although
comparisons between early Norian North American coral species and early Norian corals in the
Tethys should be taken with caution due to the reorganization Late Triassic coral taxonomy
(Stanley, personal commentary, 2010). Biogeographical similarities based on scleractinian corals
in the North American Cordilleran have yielded varying results. Goodwin (1999) indicated no
connection between the Wallowa and Stikine terranes whereas Yarnell (2000) showed higher
similarities between the Wallowa terrane and Stikine but lower correlations with Alexander.
Caruthers (2005) reported a higher statistical similarity between southern Wrangellia and a lower
connection with northern Wrangellia as well as barely any similarities between the Wallowa and
Alexander terranes. These findings do not correlate with the results from this study, however,
previously unknown coral species have been added to all of these regions since completion of
their work.
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CHAPTER 6: CONCLUSIONS
•

Summit Point Reef: is interpreted as a sequence of in situ stacked patch reefs (Fig. 6.1B)
dominated by scleractinian corals, hypercalcified sponges, and calcareous solenoporacean
red algae.

•

Patch Reef Domination. The colonial branching coral Retiophyllia and the uniquely
pseudocolonial coral, Distichophyllia norica, built the largest and most abundant patches.

•

Other Patch Reef Constructors. Hypercalcified sponges and calcareous solenoporacean
red algae dominated slightly deeper water while shallower patches are produced
primarily by corals and sponges.

•

Patch Reef Debris. Debris produced by physical and biological breakdown of these
patch reefs shed voluminous amounts of carbonate remains into the interstitial spaces
between the patches creating sediment build-up (Fig.6.1B). The patch reefs growing
shedding sediments and accumulating over this debris, created mostly massive limestone
with concentrations of reef framework mixed with rudstones and bioclastic grainstones,
packstones, and wackestones (Fig. 6.1).
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Figure 6.1.—Reconstruction of the Wallowa island-arc during late Carnian to early
Norian time (~217-214 Ma). A- Late Carnian to early Norian Martin Bridge carbonate platform
showing depositional relationships between the Summit, Eagle Creek, and BC Creek members;
B- Enlargement of the stacked patch reefs at Summit Point (note flanking debris from adjacent
patches and continual generation of new patches).

•

The Scotch Creek Member: is interpreted to represent a slightly deeper-water, downslope environment which was deposited during the initial subsidence of the Martin
Bridge carbonate platform (Fig. 3.9-1, 2). This interpretation agrees with Whalen’s
(1988) original assessment.
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•

Oncolites. Based on Flügel’s (2004) classification of oncolite size, nuclei content, and
matrix, the oncolitic-peloidal rudstone facies is interpreted to represent a shallow-water,
high-energy back-reef or upper slope environment.

•

Scotch Creek Deposition Model. Results from field observations, fossil and
petrographic thin section analysis, determined the reconstruction of deposition for the
Scotch Creek Member in the early Norian to middle Norian (~214-212 Ma) time (Fig.
6.2).

Figure 6.2.—Deposition of the Scotch Creek Member representing the initial
drowning of the Martin Bridge carbonate platform in the early middle Norian (~214-212
Ma).
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•

The Excelsior Gulch Conglomerate: is observed as a fining upward sequence and
interpreted to represent a series of underwater gravity flows occurring within a small time
interval.

•

Limestone clasts in the Excelsior Gulch Conglomerate: are interpreted to be from a
nearby source based on size (over one meter) and abundance.

•

Excelsior Gulch Coral Diversity: is less than determined at Summit Point, with eleven
coral species and eight genera; nine of which co-occur at Summit Point.

•

Carbonate Microfacies in Excelsior Gulch. Coral and sponge framestone facies found
in limestone clasts, represent a high energy, well-circulated, environment such as a
central or patch reef setting.

•

Dasyclads and Oncolites at Red Gulch: Dasycladaceans, described by Flügel et al.
(1989) and small oncolites (Fig. 3.15-5) from this study were found, separately in rare
limestone clasts suggesting similar depositional environments.

•

Hurwal Formation and Excelsior Gulch Depositional Model. Deposition occurred
several million years after the initial drowning of the Martin Bridge carbonate platform
and is interpreted to represent deep water basinal shales and mudstones. Figure 6.3 shows
the Middle Triassic to Early Jurassic relationships between the Summit Point, Eagle
Creek, and Scotch Creek Members with the Hurwal Formation.

•

Similarity Coefficients for Localities. Results of scleractinian coral statistical
comparisons (Table 5.1) indicate a strong connection between Summit Point and
Excelsior Gulch.
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Figure 6.3.—Middle Norian to Early Jurassic (~212-198 Ma) deep-water deposition of the
Hurwal Formation.
•

Olds Ferry Reef Fossils. LaMaskin et al. (in review) indicates the first discovery of reef
fossils in detrital limestone clasts in the informal member of the upper Huntington
Formation.

•

Depositional Environment. Well-rounded foraminifers, calcareous algae, crinoids and
molluscan skeletal sand represent a back-reef carbonate shoals environment in which
high-energy or wave action caused the break-up of calcite tests such as foraminifers,
calcareous algae, and molluscan skeletal debris. An abundance of encrusting, platy green
algae coupled with the sponge like organism, Spongiomorpha ramosa, suggests a
shallow, moderate to high-energy environment.
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•

Strong Correlations between Wallowa—Olds Ferry. The co-occurrence of coral
species (Cerioheterastraea sp. and Spongiomorpha ramosa) and associated reef biota
demonstrate a strong correlation between the Excelsior Gulch conglomerate in the
Wallowa terrane and the upper Huntington conglomerate in the Olds Ferry terrane.

Sources for the Excelsior Gulch and Willow Spring Conglomerates:
Tectonic Models
Previous workers investigating the Excelsior Gulch Conglomerate have suggested a variety
of explanations as to its provenance (Chapter 1: Introduction). Results of this investigation
support three possible sources: (1) The Summit Point Member is the only known limestone unit
containing diverse reef assemblages and comparable reef facies to the Excelsior Gulch
conglomerate in the Wallowa terrane but is only present in two small outcrop areas. In this
scenario, the subduction of the Wallowa island arc with the Baker terrane, caused transportation
of limestone debris from the drowned carbonate platform (Summit Point reef ) along with older
volcaniclastics , and redeposited the older clasts in the younger, deeper water shales and
mudstone of the Hurwal Formation (Fig 6.4-1). This sequence of events would also explain the
presence of radiolarian chert mixed with Norian limestone and older volcaniclastics. This
scenario also agrees with Follo’s (1994) hypothesis of derivation from a close proximity, based
on clast size and the source of radiolarian chert.
(2) A smaller, younger carbonate platform existed elsewhere within the Wallowa terrane but
outside the outcrop areas (Fig. 6.4-2). A second younger reef in the Wallowa terrane would
require the subduction of the island-arc (which could have been caused by the drowning of the
Martin Bridge Formation) and then renewed uplift allowed for deposition of a new carbonate
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platform. A second platform would fit the criteria of a close source and would account for early
Norian to Rhaetian reef fossils in a Late Triassic to Early Jurassic Hurwal formation.
Unfortunately, evidence of a second platform, even if it was subsequently destroyed relies on
negative evidence and thus is not as acceptable as the first hypothesis.
(3) Patch reefs growing on the outer edges of the nearby thrust belt (Baker terrane). The
small fringing patch reefs on the outer edges of the thrust belt could have been tectonically
uplifted during the subduction process, causing limestone blocks and debris from the platform to
move into the deeper water sediment of the Hurwal basin of the Wallowa terrane and spill over
into the Huntington Formation in the nearby Olds Ferry terrane. These events would also explain
the presence of radiolarian chert in the Excelsior Gulch conglomerate since such chert is known
from the Baker terrane.
Results from this investigation support the Summit Point Member as a source for the
Excelsior Gulch conglomerate in the younger Hurwal Formation. This is evidenced by its close
proximity, coral species similarities, as well as comparable depositional environments. Although
results indicate a strong correlation between the Willow Spring and Excelsior Gulch
conglomerates, more research needs to be done before their exact relationship can be made.
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2. Norian-Rhaetian Reef

Figure 6.4—Tectonic models for possible sources of the Excelsior Gulch conglomerate
(Wallowa terrane) and the Willow Spring conglomerate (Olds Ferry terrane). (1) The Summit
Point Member, illustrating the uplifting Baker terrane. (2) A younger Norian-Rhaetian Wallowa
reef showing close proximity of the Wallowa and Olds Ferry terranes. (3) Fringing patch-reefs
on the edges of the Baker thrust belt. HWF=Hurwal Formation; MBF=Martin Bridge Formation;
SPM=Summit Point Member.

84

COMPARISON BETWEEN THE WALLOWA AND LATE TRIASSIC TETHYAN REEFS

The end of the Early Triassic was the first appearance of small reefs since the end-Permian
mass extinction event. The Middle Triassic saw an increase in reefs built by corals and
hypercalcified sponges that developed large, extensive structures by the Late Triassic (Norian to
Rhaetian). This reef expansion and growth is observed in the Tethys region (Northern Calcareous
Alps), and in the eastern and western Panthalassa Ocean (Flugel, 2002; 2004). During Late
Triassic time, the Tethys realm represented a large, expansive carbonate platform that housed an
abundant and diverse reef ecosystem, known today as the Dachsteinplateau. It is the most studied
and well known Upper Triassic carbonate rocks in the Northern Calcareous Alps (Austria and
Germany) and it serves as a classic Late Triassic model of reef development, the Dachstein Reef
Limestone (Fig. 6.5, 6.6) (Zankl, 1969; 1971). The Dachstein Limestone of the Northern
Calcareous Alps is characterized by a series of thick carbonate sequences that display a variety
of facies interactions. In the late Carnian, a transgression created pelagic conditions drowning the
platform. This drowning resulted in a series of patch reefs separated by the deposition of micritic
limestone. Progradation of lagoonal limestones caused the patch reefs to migrate to the southern
portion of the platform. During the middle Norian to Rhaetian, the platform became rimmed
resulting in expansive reef growth (Roniewicz, 2007). Today, the facies seen in the expansive
Dachstein plateau represent an extensive history of carbonate growth and termination. Zankl
(1969; 1971) created a paleogeographic interpretation of the depositional environments during
the late Norian time (Fig 6.5). The facies represented in this model appear analogous to those
seen in the Carnian to Norian Martin Bridge Formation (Fig. 6.1). Soja (1996) suggested that
large, ramp carbonate platforms can be compared to those of island arcs on the basis of similar
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facies. Sojo (1996) also stated that island arcs exhibit exceptionally thick platform and
periplatform sequences, fringing and barrier reefs at the shelf margin, extensive lagoonal
deposits and rapid lateral and vertical facies changes. This is the case of comparison between the
Dachstein Reef Limestone and the Summit Point reef (Table 6.1).

Figure 6.5.—Paleoecologic model of the Dachstein Limestone in the late Norian (Zankl, 1969).
Stanley and Senowbari-Daryan (1986) reported a “Dachstein-type reef” at Summit Point
(Wallowa terrane), northeastern Oregon (Fig. 6.7) which showed analogous facies as well as
very strong coral and reef fossil similarities. Summit Point was also the first report of an alpine
type reef sequence in the United States, and the first such occurrence of a Triassic coral reef in
the eastern Pacific region. Two other alpine-like reefs occur in limestone rocks designated by
Nelson et al. (1993) as the “Eaglenest reef” (middle Norian) in the Quesnel terrane, British
Columbia, Canada (Fig. 6.8) and at Lime Peak (Norian) in the Stikine terrane, Yukon, Alaska
(Fig. 6.9). Figure 6.11 illustrates the relationship between the three known North American
Cordilleran “Dachstein-like” reefs, Summit Point (Wallowa terrane), Eaglenest reef (Quesnel
terrane); and Lime Peak (Stikine terrane).
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Figure.6.6.—Photograph of the ~1000 m thick carbonate sequence of the Dachstein
Limestone Reef at the Hoher Göll, Northern Calcareous Alps, Austria. Courtesy of H. Zankl.

Figure.6.7.—Outcrop of the Summit Point Member, massive reef limestone along US Forest
Service Road #7715 in the southern Wallowa Mountains. northeastern Oregon, Wallowa terrane.
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Figure. 6.8.—The Norian Lime Peak Reef, in the Yukon, Canada; illustrating a thick reef
limestone sequence overlaying the darker volcanic basement rock. Photograph taken by Pamela Reid.

Figure 6.9.—Norian to Rhaetian Eaglenest Reef (Alpine-like reef complex) in the
Quesnel terrane, central British Columbia. Photograph taken by G.D. Stanley.

88

Stanley and Senowbari-Daryan (1986) suggested that the reef sequence at Summit Point
could possibly be derived from far distances illustrating a possibility that the Wallowa island arc
actually represents a far-travel “exotic” terrane as opposed to a separate island arc created by
volcanism and originating near the North American craton (Fig. 1.1). The similarities between
the Dachstein Reef Limestone and the Summit Point are quite remarkable. Table 6.1 summarizes
the similarities. The very unique, characteristically solitary coral, Distichophyllia norica is only
known to be a framebuilding pseudocolonial coral in the Summit Point reef limestone and the
Dachstein Reef Limestone (Fig. 6.10). However, this could simply be the product of pantropic
dispersal (discussed in more detail below) or the evolution of similar “looking” species in similar
environments.

Figure 6.10.— Photomicrograph of the pseudocolonial coral Distichophyllia norica (top)
at Summit Point.The bottom is a cartoon illustrating the typical, solitary nature of D. noria and
how it grows and builds framework reefs at Summit Point and in the Dachstein Limsteone.
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Figure 6.11.—Location of terranes in the North American Cordilleran; stars symbolize the
three “alpine-like” reef assemblages. (Modified from Jones et al., 1972 and 1977).
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Summit Point

Hohe Gӧll

Feisterscharte

Stanley and SenowbariDaryan, 1986

Zankl, 1969

Roniewicz, 2007

Carnian-Norian

middle Norian- Rhaetian

early Norian

215-203.6 Ma

214-199 Ma

216.5 - 203.6 Ma

~35 m

~1000 m

~200 m

Setting

Patch reefs on an oceanic
volcanic island-arc
terrane

Patch reefs on a vast
carbonate platform,
fringing the Tethys

Small scaled coral patches
with mixed lagoonal and
pelagic components on a
shallow shelf

Main Framework

Corals, hypercalcified
sponges, calcareous
solenoporacean red algae

Corals, hypercalcified
sponges, calcareous
solenoporacean red algae

Corals, hypercalcified
sponges, calcareous
solenoporacean red algae

Tabulozoans,
Spongiomorphs

Tabulozoans,
Spongiomorphs

Tabulozoans

Gastropods, bivalves,
echinoids, ostracodes,
foraminifers,
microproblematica,
oncolites,
microcoprolites,
conodonts

Gastropods, bivalves,
echinoids, ostracodes,
foraminifers,
microproblematica,
oncolites,
microcoprolites,
conodonts

Gastropods, bivalves,
echinoderms, ostracodes,
foraminifers, oncolites,
dasycladaceans, reef
debris, crinoids
ammonoids, halobiids,
radiolarians and conodonts

Number of coral
species

28

27

26

Facies changes

Rapid

Gradual

Gradual

Age
Thickness

Other Framework

Subordinate taxa

Table 6.1.—Summit Point compared with most similar examples in the Tethys during Late
Triassic time, the Norian – Rhaetian Dachstein.
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CHAPTER 7: DISCUSSION
The results of this investigation found Summit Point to consist of a series of stacked
patch reefs, which flanked gravels, breccias, and dead reef biota off of their sides and into the
empty space between each other. Two possible scenarios are offered to explain the origin of the
stacked patch reefs found in the Wallowa terrane of the southern Wallowa Mountains: (1) the
Summit Point Member represents an in situ reef sequence that subsequently experienced uplift
along with faulting; (2) the massive reef limestone is an allochthonous block that became
displaced via gravity sliding from a shallow-water setting into a deeper adjacent basin. The first
scenario is supported by the succession above the reef in a deepening upward sequence and
would explain the presence of the variety of reef fossils at the base of the Summit Point
stratotype higher up the slope (Stanley et al. 2008). This hypothesis is also supported by the
abundance of corals and sponges, which appear in outcrop to be in life position. The second
scenario is substantiated by the repetition of beds that occur along the reef sequence at Summit
Point (Fig. 3.4) and by the presence of other large exotic blocks found in the Martin Bridge and
Hurwal Formations.
The occurrence of the cerioid coral, Cerioheterastraea sp., in the Excelsior Gulch and
Willow Spring sites not only indicates a linkage between the two conglomerates, but also
suggests an association with the Summit Point Member where related corals are known (e.g.,
Protoheterastraea, Volzeia) (See Appendix 1: Systematic Paleontology). Similar facies are also
present in both conglomerates; however, facies interpreted at Willow Spring are all common
throughout the Late Triassic and therefore not a good candidate for comparison. The poor and
limited exposure of the Willow Spring conglomerate (only a small outcrop, Figs. 4.3, 4.4) also
impinges on an accurate comparison due to sampling and preservation biases.
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It is unlikely that the Wallowa terrane migrated across the whole ancient Pacific
(Panthalassa) Ocean as once hypothesized (Stanley, 1982; Stanley and Yancey, 1990). Although
recent studies by Roniewicz et al. (2007; 2008; in review) and Turnšek and Senowbari-Daryan
(1994) have indicated new discoveries of early Norian coral assemblages in the Feisterscharte
(southern Dachstein plateau) and Hydra Island (Greece), there are still no analogous coral
assemblages that match the abundance and diversity found at Summit Point. Therefore, the
diverse and abundant younger “Tethyan-like” fauna seen in patch reefs at Summit Point in the
Wallowa terrane could be the product of larvae dispersal. Pantropic distributions of marine
species include many benthic planktonic groups (Newton, 1988). Newton (1988) also discussed
the possibility of pantropical dispersal accounting for the presence of out of place organisms
based on distributions of modern mollusks that have been known to travel great geographical
distances. Another possibility is that the similarities between North American terrane reef fauna
and those of the Tethys is that they are actually due to two distinct groups that each evolved
separately but have convergent morphology making them easy to mistake or confuse (Roniewicz
and Stanley, in progress). This theory would coincide more with the idea of “parallel evolution”
in which these organisms may have a common ancestor. Paleomagnetic analyses conducted by
Hillhouse et al. (1982) and May and Butler (1986) determined a paleolatitude of 18˚– 24˚± (4˚)
north or south of the equator for the Wallowa terrane during the Late Triassic. The presence of
corals, sponges, calcareous algae, bivalves, and spongiomorphs supports a tropical environment.
Determining the paleolongitude of the Wallowa and other terranes of the Blue Mountain
Province and North American Cordilleran has been attempted based on faunal data. Newton
(1988) stated that the shallow water bivalves in the Wallowa terrane were most likely near the
eastern Panthalassan craton. Other authors have suggested that it would be more likely for the
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Wallowa terrane to have originated closer to the American craton based on Late Triassic tectonic
movement (Follo, 1992). However, these are only observations; the true paleolongitude of the
Wallowa terrane and the Blue Mountain Province is still ambiguous. Revisions in Late Triassic
coral taxonomy and more research on early Norian corals in the Tethys as well as in North
American assemblages must be investigated before these questions can be answered.
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APPENDIX 1: SYSTEMATIC PALEONTOLOGY

All specimens described were acquired from the University of Montana Paleontological
Center (UMPC) or collected during fieldwork for this project. Due to preservation by way of
recrystallization, all corals were identified in thin section or polished sections. The following
systematics of Late Triassic corals are based on the foundation of European Alpine reef faunal
work by Reuss (1854) Frech (1890) and Volz (1896) as well as the revolutionary modern studies
of Cuif (1965-1976) and Roniewicz (1989-2010). Cuif was the first to recognize differences in
microstructural arrangement of aragonitic coral skeletal features from post-Triassic skeletal
features, changing traditional Triassic coral classification which was based only on basic
morphology. As a result, Cuif (1965-1976), Beauvais (1980), and Roniewicz (1989) have
restructured Triassic coral systematics by revising and developing new classifications. Issues of
systematic identification and classification still occur when studying North American Triassic
corals. Differences in preservation between European (Tethyan) and North American corals can
be problematic. North American corals are typically silicified, calcitic, or recrystallized and
therefore the original aragonitic microstructure is not preserved as it is in European corals.
A discrepancy of age arises when comparing and classifying North American corals with
their European counterparts. Late Triassic corals in Europe have been thoroughly studied such as
the Rhaetian corals of the Dachstein Limestone and Zlambach Formation, however, many of
these corals are found in North America as Carnian to Norian age. Rare and less abundant Early
Triassic to late Middle Triassic corals have been reported in Europe: Cuif (1975, 1976) described
early Norian corals from the Taurus Mountains, Turkey; Melnikova (2001) discussed late
Carnian-early Norian corals from the Southeast Pamir Mountains, Tajikistan; Turnšek and
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Senowbari-Daryan (1994) recognized late Carnian-early Norian corals from Hydra Island,
Greece; Turnšek and Ramovs (1987) and Ramovs and Turnšek (1991) described early Norian
corals from the Julian Alps of Slovenia; and Roniewicz (2007, and 2010) discusses corals from
the early Norian Feisterscharte of the South Dachstein Plateau in Austria. Roniewicz (2010))
also discusses morphological differences between Carnian corals and Norian corals. Carnian
corals are known from the western borders of the Panthalassa Ocean (Russia; Japan) but have not
been reported from the North American terranes.
Age discrepancies and preservation biases between the Norian-Rhaetian and early NorianRhaetian Tethyan realm bring up questions of the Triassic paleogeographic relationships with the
terranes of North America and whether or not taxonomic revisions are necessary. Stanley (1988),
Stanley and Whalen (1989) suggested coral dispersion and long distance migrations as a result of
terrane displacement. Roniewicz (2007, in press) also discusses the possibility of this theory
stating taxonomic revisions of Early Triassic corals are needed in order for this theory to be
tested.
Due to the previously mentioned problems with Late Triassic coral preservation, taxonomy
and age biases, the systematic identification of corals in this thesis were made from microscope
analysis of thin sections and compared to morphological characteristics, descriptions and
illustrations by previous authors.
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ABBREVIATIONS USED IN THE FOLLOWING SYSTEMATICS:
D – Corresponds to diameter of colony; usually longest dimension of colony (or fragment).
d – Corresponds to the corallite diameter (in mm) for individual corallites within a single colony.
c-c – Distance between consecutive calical centers within meandroid or pseudomeandroid
colonies.
s – Relates to the number of counted septa within a given corallite.
s / 3mm – Relates to the number of septa occurring in three millimeters of a calice, usually used
in cases with meandroid corals or in cases where there are many fine septa warranting an average
instead of a direct count.
s / 5mm – Corresponds to the number of septa present in five millimeters.
S1, S2… – Corresponds to cycle (or order) of septal growth.

Class ANTHOZOA Ehrenberg, 1835
Order SCLERACTINIA Bourne, 1900
Suborder CARYOPHYLLIINA Vaughan and Wells, 1943
Superfamily REIMANIPHYLLIOIDEA Melnikova, 1975
Family REIMANIPHYLLIIDAE Melnikova, 1975
Genus CUIFIA Melnikova, 1975
Type species.—Cuifia gigantella Melnikova, 1975.
CUIFIA COLUMNARIS Roniewicz, 1995
(Plate 2—19, 22, 23)
Montivalita norica: Schafer, 1979, p. 44, pl. 10, fig. 1.
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Cuifia ellitica: Turnšek & Ramovš, 1987, p. 34, pl. 4, figs. 3, 4.
Coryphyllia elliptica: Roniewicz, 1989, p. 65, pl. 15, figs. 1, 2.
Cuifia columnaris: Roniewicz, 1995, p. 15, pl. 3, figs. 1-3; pl. 4, figs. 1, 4, 5.
Cuifia columnaris: Melnikova, 2001, p. 43, pl. 11, fig. 1.
Description.—Cylindrical solitary coral, d =12-20 mm, s=92-102. Septa are differentiated
into four cycles. S1 is the thickest. S2 is slightly thinner and shorter than S1. S3 is thinner than
both S1 and S2 and are one quarter shorter than S1. S4 extend a very short distance from the wall
and are observed with lonsdaleoid septa.
Material examined.—Two recrystallized specimen from the Summit Point stratotype,
Southern Wallowa Mountains, Oregon.
Occurrence.—Carnian-Norian , Summit Point Member, Martin Bridge Formation, Wallowa
Mountains, Oregon; middle Norian, Shaimak Formation, southeastern Pamir Mountains; Upper
Norian and Rhaetian, Sevat Limestone and Zlambach Beds, Northern Calcareous Alps.
Discussion.—Cuifia was assigned to Reimaniphyllidae by Caruthers and Stanley (2008).
Cuifia columnaris was described by Roniewicz (1995) and 1989 as Coryphyllia elliptica, and
Melnikova (2001). The two specimens examined here resemble both descriptions based on
greater number of septal cycles, fewer septa, and size of dissepiments. This is the first report of
Cuifia and Cuifia columnaris in North America.

Genus PARACUIFIA Melnikova, 2001
Type species.—Protoheterastraea magnifica Melnikova, 1984.
PARACUIFIA sp.
(Plate 5—5, 8, 9)

98

Diagnosis.—Dendroid coral with cylindrical to oval corallites. Corallite shape and size is
ontogenetically dependent. Average corallite diameter of juveniles is 6x8 and 9x15 in adults.
Septa are wedge-shaped with thick peripheral ends and narrow inner ends and are differentiated
in 3-4 cycles; S1 is thick and extends to the axis. Dissepiments are displayed horizontally on all
septa. Endotheca is thin.
Material Examined.—Six recrystallized specimen from the Upper Huntington Formation,
Olds Ferry terrane, Oregon.
Description.—Colonial coral; radial elements are represented by straight and slightly curved
wedge-shaped septa with thickened peripheral ends and narrowed inner ends. Septa
differentiated by 3-4 cycles depending on ontogeny. S1, is the longest and slightly thicker than
other cycles. S2 is slightly shorter than S1. S3 and S4 (when present) is approximately on quarter
shorter than S1; d= 6x8 (juveniles) and 9x15 (adults); s= 40-52 in juveniles, s=60-72 in adults.
Horizontal dissepiments are present in all septa cycles. In longitudinal sections, steep, curved
lonsdaleoid septa are present. This species is distinguished from P. tortuosa by the irregularly
shaped corallites and by P. magnifica by the smaller size of corallites and low number of septa.
Occurrence.— Carnian to Norian of the Upper Huntington Formation, Olds Ferry terrane,
Oregon.
Discussion.— Melnikova (2001) described P. tortuosa and P. magnifica from the
southeastern Pamir Mountains. Caruthers and Stanley (2008) described three new species, P.
smithi, P. jennieae, and P. anomala from silicified limestone in the Alexander terrane,
southeastern Alaska. It is possible that the species described here could be assigned to one of the
species described by Caruthers and Stanley (2008), however, due to preservation differences and

99

microstructure characteristics between silicified and recrystallized material, the material
described above, is reported as a new species.

Family DISTICHOPHYLLIIDAE Cuif, 1977
Genus DISTICTHOPHYLLIA Cuif, 1975a

Type species. –Montlivaltia norica Frech 1890

DISTICHOPHYLLIA NORICA (Frech, 1890)
(Plate 1—18, 19)

Montlivaltia norica FRECH, 1890, p. 39, pl. 3, figs. 8, 9, pl. 10, figs. 1-5, pl. 18, fig. 17.
(See Roniewicz, 1989; Stanley, 1994; Melnikova, 2001; and Caruthers and Stanley, 2008)

Description.—Solitary to pseudocolonial, thin to moderately thick epitheca; d = 14 x16 mm
to 18 x 24 mm; rejuvenation through intracalicular budding; s = 62-124, differentiated to four
cycles around fissure; S1, S2 (thickest) are the longest, uniform, more pronounced, extend to
center with ornamentation; S3 one half to three quarters length of S1 and S2, thinner, no
ornamentation; S4 (if present) thinnest, one quarter to one half of the first cycle.
Material examined.—21 specimens from the Summit Point Member, Southern Wallowa
Mountains, Oregon; 10 specimens from the Hurwal Formation, Southern Wallowa Mountains,
Oregon.
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Occurrence.—A common and widely distributed coral: Carnian-Norian, southern Wallowa
Mountains, Eagle Creek, Hells Canyon, Oregon; Norian, Wrangell Mountains, Keku Strait, Long
Creek, Chultina, Alaska; Lewiston, Idaho; Pilot Mountains, Nevada; Austria; Mt. Everest, Tibet;
Timor; southeastern Pamir Mountains and Koryak Highlands, northeastern Russia; Japan;
Rhaetian, Vancouver Island (Lake Cowichan), southeastern Pamir Mountains.
Discussion.—Specimens match well with descriptions, illustrations, septal and
microstructure detail in Frech (1890) and Roniewicz (1989). Zankl (1969) reported D. norica as
pseudocolonial from the Dachstein Limestone in Austria. D. norica from Summit Point exhibits
both lateral budding and as pesuedocolonial.

Genus RETIOPHYLLIA Cuif, 1967
Type species.—Thecosmilia fenestrata Reuss, 1854 in Frech, 1890.
RETIOPHYLLIA CAESPITOSA (Reuss, 1865)
(Plate 2—12, 15, 16, 20)

Thecosmilia caespitosa REUSS, 1865, p. 159, pl. 3, fig. 3; FRECH, 1890, p. 7, pl. 1, figs. 1-12,
(non fig. 13); CUIF, 1966, p. 534, text-fig. 2B.
Thecosmilia caespitosa (Reuss) n.v. pauciseptata HAAS, 1909, p. 144, pl. 5, fig. 1.
Distichophyllum caespitosum (Reuss), CUIF, 1967, p. 129, text-fig. 3, pl. 4, fig. 3; CUIF, 1975b,
p. 375, text-figs. 35b, 36; MELNIKOVA AND BYCHKOV, 1986, p. 47, pl. 13, fig. 2.
Retiophyllia caespitosa (Reuss), RONIEWICZ, 1989, pl. 8, figs. 2, 4, 9, pl. 9, fig. 3; MELNIKOVA,
2001, pl. 15, fig. 1.
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Description.—Colony phaceloid, frequently bifurcating at obtuse angles. Corallites circular
or oval, no columella present; d = 6-12 mm; s = 35-59, wedge shaped, preserved in three or four
cycles (rare). S1, S2 equal in thickness, S1 extends three fourths of radius leaving the axial
cavity free; S2 one half the length of S1; S3 varies in length depending on stage of development;
S4, when present, is very short and found along the endotheca just before bifurcation.
Material examined.—Eight corallite fragments from the Summit Point stratotype and 5
fragments from specimen from Torchlight Gulch, Summit Point Member, southern Wallowa
Mountains, Oregon.
Occurrence.—Carnian-Norian, southern Wallowa Mountains, Oregon; early Norian,
Wrangell Mountains, Alaska; Norian, Caucasus, central and northeast Asia; Rhaetian, Northern
Calcareous Alps.
Discussion.—These specimens closely match Reuss’ (1865) original description and
revisions by Roniewicz (1989). Retiophyllia caespitosa (Reuss) is distinctive with frequent
obtuse bifurcation, proportionate thickness of all radial elements, club or wedge-shaped septa,
and S1 septa that do not extend the complete radius, which results in axial space. Retiophyllia
caespitosa closely resembles R. alfurica (Wilckens) in having trumpet shaped corallites,
commonly bifurcating. However, these two species differ with respect to corallite size, and
frequency of budding. R. caespitosa differs from R. norica (Frech) and R. frechi (Roniewicz) in
size, fewer dissepiments, and poorly ornamented septa.
Stanley (1986, p. 27), in a list of verified taxa, showed R. caespitosa as occurring in Hells
Canyon, Oregon (Wallowa terrane), but no illustration or systematics were given, thus
precluding comparison. Therefore, this is the first illustrated and documented presence of R.
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caespitosa in the Wallowa terrane. Caruthers and Stanley (2008) were the first to indicate the
presence of R. caespitosa in North America from the Wrangell Mountains (northern Wrangellia).

RETIOPHYLLIA FENESTRATA (Reuss, 1854)
(Plate 3—4, 5)

Retiophyllia fenestrata (Reuss), Roniewicz, 1989, p.59, pl. 9, fig. 6, Pl. 10, fig. 1, Pl 13, fig. 1.
Retiophyllia fenestrata (Reuss), Turnšek and Buser, 1991, p. 228, pl. 3, fig. 1.
Retiophyllia fenestrata (Reuss), Turnšek, 1997, pl. 180, figs. A-E.

Description.—Branching colony with densely packed, round to slightly oval corallites with
bifurcation occurring at acute angles. Septa are differentiated in 3-4 cycles; s = 32-44; d = 3-6.
S1 extend to the center; S2 is shorter and thinner than S1; S3 is approximately half of S1; S4,
form the thick stereozonal wall by lateral processes.
Material examined.—Five fragmented colony from the Summit Point Member, Martin
Bridge Formation, southern Wallowa Mountains, Oregon.
Occurance.—EarlyNorian, Martin Bridge Formation, southern Wallowa Mountains, Oregon;
Norian, Alaska, California, USA; Norian-Rhaetian, Northern Calcareous Alps, Austria, Northern
Julian Alps, Slovenia; Rhaetian, Western Carparthians, Slovakia.
Discussion.—Retiophyllia fenestrata is considered to be charachterized with R. gracilis and
R. gephyrophra by Roniwicz (1989) based on the median zone of dissepiments and a thick wall
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formed by lateral septal processes. R. fenestrata is found at two exposures of the Summit Point
Member, Martin Bridge Formation in the southern Wallowa Mountains, Oregon.

RETIOPHYLLIA FRECHI Roniewicz, 1989
(Plate 2—9, 10, 13, 14)

Thecosmilia fenestrata Reuss FRECH, 1890, p. 9, pl. 1, figs. 25-27, pl. 2, figs. 1-11, 13-17 (non
fig. 12).
Calamophyllia fenestrata Reuss CUIF, 1965, p. 533, text-fig. 2 A.
Retiophyllia fenestrata (Reuss) CUIF, 1967, p. 130, text-fig. 4 A, B, pl. 4, fig. 4; CUIF, 1975a, p.
369, text-figs. 33-35.
Retiophyllia frechi RONIEWICZ, 1989, p. 48, pl. 7, figs. 1-8, pl. 9, fig. 5, pl. 13, fig. 2.

Description.—Three fragmented colonies, corallites are oval, bifurcating at sharp angles.
Connecting processes are present although irregular. Epitheca is thin, exposing distal septal
edges with alternating thickness; large horizontal dissepiments are present on all septa, especially
in longitudinal views. Corallites size varies, d = 4 x 7.5 mm and 7 x 9 mm, s = 44-52,
differentiated into three cycles, no columella. S1 longer, wedge shaped; S2 is slightly thinner,
extending between one half to equal length as S1; S3septa are thin and reach at least half the
length of S1.
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Material examined.—Four fragmented colonies the Summit Point Member in the Martin
Bridge Formation, southern Wallowa Mountains, Oregon.
Occurrence.—Carnian-Norian, Martin Bridge Formation, southern Wallowa Mountains,
northeastern Oregon; early Norian, Keku Strait, Alaska; Norian, Pucará Group, central Peru;
Rhaetian, Zlambach Formation, Northern Calcareous Alps, Austria, Malá Fatra Mountains,
Slovakia.
Discussion.—The material examined matches the morphological descriptions and
illustrations of Retiophyllia frechi in Roniewicz (1989, p. 49, pl. 7, figs. 3, 4, 5, pl. 9, fig. 5).
Microstructure is not preserved, however, the gross morphological characteristics are identical to
those outlined by Roniewicz (1989) and therefore a positive identification of R. frechi can be
applied to these specimens.

RETIOPHYLLIA GEPHYROPHORA (Roniewicz, 1989)
(Plate 1—14, 15, 16, 20)

Type species.—Retiophyllia gephyrophora Roniewicz, 1989
Retiophyllia gephyrophora RONIEWICZ, 1989, p. 61, pl. 9, fig. 10, pl. 10, fig. 5.
Description.—Dense phaceloid colony formed by irregularly shaped corallites; high angle
bifurcation; large endothecal dissepiments. Septa are differentiated in 3 cycles. S1 is long and
thins as it approaches the internal edge; S2 is only slightly shorter than S1; S3 varies in size from
three quarters to half the length of S1; d=9-14 mm; s= 48-64.
Material examined.—Seven fragmented corallites from the Summit Point type locality,
Martin Bridge Formtaion, southern Wallowa Mountains, Oregon.
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Occurrence.—Early Norian, southern Wallowa Mountains, Oregon; Rhaetian, Northern
Calcareous Alps.
Discussion.—The material examined closely resembles that of R. gephyrophora described by
Roniewicz (1989) in the low number of septa, large endothecal dissepiments, and thick pellicular
wall. Presently, R. gephyrophora is only known from the Rhaetian Zlambach Beds of the
Northern Calcareous Alps (type locality) making this the first appearance in North America.

RETIOPHYLLIA MULTIRAMIS (Roniewicz, 1989)
(Plate 2—17, 18, 21)
Retiophyllia multiramis Roniewicz, 1989, p. 56-58, pl. 11, figs. 1-3, pl. 12, figs. 1a, b, 1c

Description.—Phaceloid colonies, corallites display sharp angle bifurcation; connecting
processes present; endotheca forms by small peripheral vesicles. Septa are differentiated into
four cycles; S1 extends to the axis; S2 is of equal length to S1 but slightly thinner; S3 reaches
one half to three quarters the length of S1; S4 varies in length between one third to one half of
S1.
Material Examined.—Four fragmented colonies from the Summit Point Member, Martin
Bridge Formation, Oregon.
Occurrence.—Carnian-Norian, Martin Bridge Formation, southern Wallowa Mountains,
Oregon; Rhaetian, Zlambach Formation, Northern Calcareous Alps, Austria.
Discussion.— Specimens examined match with the descriptions of Retiophyllia
multiramis in Roniewicz (1989) who described R. multiramis from the Rhaetian Zlambach beds
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in the Northern Calcareous Alps, Austria. This is the first occurrence of R. multiramis in North
America as well as the first occurrence outside of the Zlambach Formation.

RETIOPHYLLIA NORICA (Frech, 1890)
(Plate 3—7, 8)

Thecosmilia norica FRECH, 1890, p. 9, pl. 1, figs. 14-24.
Thecosmilia norica var. densisepta HAAS, 1909, p. 145, pl. 5, fig. 3.
Thecosmilia norica var. lobatisept aHAAS, 1909, p. 145, pl. 5, fig. 4.
Paradistichophyllum noricum (Frech). MELNIKOVA, 1975, p. 90, pl. 15, figs. 3, 4.
“Thecosmilia” cf. “T.” fenestrata (Reuss) STANLEY, 1979, p. 56, pl. 3, fig. 1.
Retiophyllia norica (Frech) RONIEWICZ, 1989, p. 52, pl. 8, figs. 5-8, pl. 9, fig. 2, pl. 14, figs. 1, 2;
Stanley, 1994, p. 12, figs. 10.1, 10.2.

Description.—Phaceloid colonies, corallites bifurcate at an obtuse angle; corallites circular to
oval, d = 8-15 mm. Septa are differentiated into three to four cycles, s = 52-84, all thicker toward
pellicular wall, no ornamentation or columella, curve toward center along budding margin (Fig.
3.18). S1 and S2 extend to the center, S1 thickest; S3 one half to three fourths length of S1; S4 is
rare and grows near endotheca.
Material examined.—Seven fragmented colonies from the Summit Point Member, Martin
Bridge Formation, southern Wallowa Mountains.
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Occurrence.—Carnian-Norian, Martin Bridge Formation, southern Wallowa Mountains,
northeastern Oregon. Norian, Keku Strait, Wrangell Mountains, Long Creek, Alaska; Pilot
Mountains, Nevada; Lime Peak, Yukon, Canada; Sonora, Mexico; Northern Calcareous Alps,
Austria.
Discussion.—Due to poor preservation of the microstructures, identification is tentative.
Specimens match the morphological description of Roniewicz (1989).

RETIOPHYLLIA OPPELI (Reuss, 1865)
(Plate 3—3, 6)
Calamophyllia oppeli REUSS, 1865, p. 160, pl. 4, fig. 1.
Thecosmilia oppeli (Reuss), FRECH, 1890, p. 10, pl. 2, figs. 18-20, 24, pl. 3, figs. 4 A-E (non pl.
2, figs. 21-23);
VINASSA DE REGNY, 1915, p. 89, pl. 69, figs. 7, 8; MONTANARO-GALLITELLI, RUSSO,
AND FERRARI,

1979, pl. 4, fig. 2.

Retiophyllia oppeli (Reuss), RONIEWICZ, 1989, pl. 9, figs. 7, 8, pl. 10, figs. 3, 4; PRINZ, 1991, pl.
1, fig. 5.

Description.—Phaceloid, uneven bifurcation, zigzag branches covered by uneven, thick
epitheca. Corallites variable, sub-circular and oval; d = 3-5 mm, s = 35-50, two or three cycles
preserved; S1 thickest, wedge shaped, most prominent; S2 and S3 smaller, project one half the
length of S1.
Material examined.—Three poorly preserved specimens from the Summit Point type locality
and Torchlight Gulch, southern Wallowa Mountains, Oregon.
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Occurrence.—Carnian-Norian, Martin Bridge Formation (Summit Point Member), southern
Wallowa Mountains, Hells Canyon, Oregon;early Norian, Wrangell Mountains, Alaska; Lime
Peak, Yukon, Canada; Sonora, Mexico; northern Chile; Rhaetian, Northern Calcareous Alps;
Timor.
Discussion.—Retiophyllia oppeli (Reuss) is distinctive for its small corallite diameter and
shape, frequent acute bifurcations, connecting processes, and S1 septa being twice or three times
as thick as S2 or S3 septa (Roniewicz, 1989). The material examined here, greatly resembles the
descriptions by Roniewicz (1989), however, no microstructure and poor preservation designates
our material as Retiophyllia cf. R. oppeli.

RETIOPHYLLIA sp. A
(Plate 4—9, 10, 12)
Description.—Phaceloid colonies demonstrating asymmetrical budding; corallites are subcircular to oval with thick wall; connecting processes; no columella. Septa are differentiated in 23 cycles; d = 3 x 6 and 5 x 7; s = 20-?; S1 is thick, wedge-shaped and extends to the axis; S2 and
S3 are half the length of S1.
Material examined.—Two fragmented colonies from the Hurwal Formation, southern
Wallowa Mountains, Oregon.
Discussion.—Specimens are extremely recrystallized and very poorly preserved. Corallite
diameter and shape of Retiophyllia sp. A resembles descriptions and illustrations of Retiophyllia
oppelli (Reuss) in Roniewicz (1989, pl. 10, figs. 3, 4). However, the determination of septa
numbers and longitudinal characteristics is prevented due to poor preservation.
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Subfamily CORYPHYLLIINAE Beauvais, 1981
Genus AMPAKABASTRAEA Cuif, 1976
Type species.—Phyllocoenia decussate Reuss, 1854.

Remarks.—Cuif (1976) and Roniewicz (1989) gave detailed descriptions based largely on
microstructural details and morphology. Pseudocerioid integration, large intercorallite space, and
ring-like structures between epitheca and endotheca are traits, which stand out and were used to
identify this genus (Cuif, 1976; Roniewicz, 1989, pl. 18, fig. 1).
AMPAKABASTRAEA COWICHANENSIS (Clapp and Shimer, 1911)
(Plate 5—1, 3, 4, 7)
Isastrea cowichanensis CLAPP AND SHIMER, 1911, p. 429, pl. 41, fig. 11.
(See Stanley and Whalen, 1989; Caruthers and Stanley, 2008; Roniewicz, 2010)

Description.— Colonial coral with cerioid corallites. Colony 2.5-3.0 cm in the longest
direction; corallites range from 1.5-2.0 mm diameter; corallites circular, oval; walls unshared,
ring-like structure around corallites; no columella; 20-30 wedge-shaped septa characterized in
three to four cycles; S1 wedge-shaped, extends to the corallite center; S2 wedge-shaped, shorter
and thinner than S1; S3 and S4 thinner and shorter than S1 and S2.
Material examined.—Two recrystallized coral fragments from the Upper Huntington
Formation, Olds Ferry terrane, Oregon.
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Occurrence.—Early Norian, Huntington Formation, Olds Ferry terrane, Hells Canyon,
Wallowa terrane, northeastern Oregon; Gravina Island, Keku Strait, Wrangell Mountains,
Alaska; Koryak terrane, Siberia; Rhaetian, Vancouver Island, Canada;
Discussion.—This colonial coral, although recrystallized, is identified as A. cowichanensis
on the basis of corallite size, number and characteristics of the wedge-shaped septa, and
coenosteum. It is distinguished from closely related species A. incrassata and A. descussata by
smaller corallites and deep sloping calices with extended costae that meet but do not fuse. This
taxon initially was described from Lake Cowichan, Vancouver Island by Clapp and Shimer
(1911) and subsequently revised to Kuhnastraea by Stanley and Whalen (1989) and Caruthers
and Stanley (2008) to Kuhnastraea. Most recently it has be classified as, Ampakabastraea by
Roniewicz (2010). This new genus is consided to be a sister genus to Kuhnastraea and is
endemic to North America.

Family MARGAROPHYLLIIDAE Volz, 1896
Genus MARGAROSMILIA Volz, 1896
Type species.—Montlivaltia zieteniKLIPSTEIN, 1843.

MARGAROSMILIA CHARLYANA (Frech, 1890)
(Plate 4—3, 4, 5, 7)
Thecosmilia charlyanaFRECH, 1890, p. 11, pl. 3, figs. 5-5B, pl. 5, figs. 6-7A.
Margarosmilia charlyana (Frech) RONIEWICZ, 1989, p. 77, pl. 19, figs. 1-4, pl. 22, figs. 3, 4;
Stanley, 1994, pl. 5, figs. 6-8, text-fig. 10; MELNIKOVA, 2001, p. 53, pl. 16, fig. 2.
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Description.—Colonies subphaceloid, D = 3.5x2.7x1.2 cm, growing from central point of
attachment, subhorizontally folded epitheca, individual branches fused except for calice; budding
extracalicularly, flat, slightly elevated, giving subphaceloid appearance (Fig. 4.8). Corallites
circular, d = 10-13 mm, s = 43-49 (rarely 30 or 60), equally thick, differentiated into four cycles
around calice, no columella. S1 and S2 most prominent, extending radius, containing numerous,
vertically oriented, jagged, pinnular structures along lateral surfaces (Fig. 4.7); S3 and S4
shorter, reaching one fourth to one half the length of S1 septa.
Material examined.—Six colony fragments from the Excelsior Gulch conglomerate in the
southern Wallowa Mountains, Oregon.
Occurrence.—Norian, southern Wallowa Mountains, Oregon; Pucará Group, central Peru;
early Norian, Wrangell Mountains, Alaska; Norian-Rhaetian, Northern Calcareous Alps.
Discussion.—Roniewicz (1989) and Stanley (1994) described this species with great
morphological detail, paying particular attention to the fused, closely spaced, multi-branching
bifurcating or trifurcating nature of the colony with sunken calices, which our material highly
resembles, but with larger corallites.
Roniewicz (1989) noted M. zieteni (Klipstein) (adult individual) figured in Cuif (1975b) to
have diameters 13x16 mm, which match perfectly with our specimens, suggesting similar
morphologies between M. zieteni (Klipstein) and M. charlyana (Frech). Our material also
superficially resembles Thecosmilia rugosa Laube (1865, pl. 5, fig. 4) but this taxon has a much
larger colony diameter.

Suborder FUNGIINA Verrill, 1865, faute de mieux
Superfamily PROCYCLOLITOIDEA Vaughan and Wells, 1943

112

Family PROCYCLOLITIDAE, Vaughan and Wells, 1943
Subfamily PROCYCLOLITINAE Roniewicz, 1989
Genus PROCYCLOLITES Frech, 1890
Type species.— Procyclolites triadicus Frech, 1890.
PROCYCLOLITES TRIADICUS
(Plate 3—9, 12)
Description.—Solitary, reproduce by intratentacular peripheral budding. Corallites are
cylindrical to subcylindrical; d=45x60 mm; s= 200. Septa are thin and numerous, and compact
with lateral faces of continuous subhorizontal, smooth menianes. Septa are distinguished in three
cycles: S1 reaches the axial fissure and intertwines to form a parietal columella; S2, is long, only
slightly shorter than S1; S3, is half to two thirds the length of S1. Mid-septal zone is wavy.
Endotheca is thin and small with vesicular, abundant dissepiments.
Material examined.— One thin section of a fragmented corallite from the southern Wallowa
Mountains, Oregon
Occurrence.— Early Norian, Wallowa terrane, southern Wallowa Mountains, Oregon;
Dachstein limestone, Austria; Tajikistan; Norian, Lime Peak, southern Yukon, Canada; Alaska;
Zlambach beds, Dachstein limestone, Austria; Hohe Göll limestone, Northern Calcareous Alps;
Kuma River, Kyushu, Japan; Carnian, Japan; China; Norian-Rhaetian, Jelovica/Ratitovec reef,
Slovenia.
Discussion.—The specimen examined greatly resembles Procyclolites triadicus described
and illustrated by Cuif (1975), Roniwicz (1989), and Melnikova (2001). Cuif (1975) discussed
the microstructure in great detail. P. triadicus is the only formally recognized species from this
genus. Only a single thin section was studied making the systematic identification of this
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specimen into P. triadicus disconcerting, therefore, this specimen is called, Procyclolites cf.
triadicus.

Family ASTRAEOMORPHIDAE Frech, 1890
Genus ASTRAEOMORPHA Reuss, 1854
Type species.—Astraeomorpha crassisepta Reuss, 1854.

ASTRAEOMORPHA CRASSISEPTA Reuss, 1854
(Plate 4—13, 14, 18)
Astraeomorpha crassisepta REUSS, 1854, p. 127, pl. 16, figs. 4-7.
(See RONIEWICZ, 1989; STANLEY AND WHALEN, 1989; MELNIKOVA, 2001)

Description.—Thamnasteroid colonial coral that reproduces by intratentacular budding;
Colony thamnasteroid; corallites densely packed and chaotic, c-c = 1.3-3.0 mm, s = 8-18, thick
(0.5 mm), differentiated to two cycles, very small columella; S1, S2 shared, equal thickness, S1
longer, S2 occasionally fusing with the neighboring. Longitudinal view yields dissepiments
along epitheca.
Material examined.—Five fragmented colonies from the Excelsior Gulch conglomerate
exposed at Red Gulch, southern Wallowa Mountains, Oregon.
Occurrence.— Norian, southern Wallowa Mountains, Hells Canyon, Oregon; Lewiston,
Idaho;Keku Strait, Gravina Island, Wrangell Mountains, Alaska; Pucará Group, northern Peru;
Northern Calcareous Alps and Southern Alps, Austria and Italy; Tatra Mountains, Poland;
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middle Afghanistan; central Iran; northern Caucasus Mountains, Pamir Mountains, and Koryak
Highland, Russia.
Discussion.—Roniewicz (1989) described in detail this well known Upper Triassic species,
indicating its worldwide distribution during Norian to Rhaetian time. Squires (1956) mistakenly
assigned a new species to this genus that cannot be distinguished from the type material.
Thamnastraea borealis Smith (1927) was placed in synonymy with A. crassisepta Reuss by
Montanaro-Gallitelli et al. (1979) and Stanley and Whalen (1989); The material examined here
agrees with the descriptions and illustrations of Roniewicz (1989) and Melnikova (2001).

Suborder STYLOPHYLLINA Beauvais, 1980
Family STYLOPHYLLIDAE Volz, 1896
Genus STYLOPHYLLOPSIS Frech, 1890
Type species.—Stylophyllopsis polyactis Frech, 1890
STYLOPHYLLOPSIS sp.
Description.—Phaceloid colony, corallites are circular to sub-circular; no connecting
processes or menianes, wall is thick. Septa are thick, often wedge-shaped with few, rare
dissepiments, differentiated in 3-4 cycles; d = 3.5 x 5; s = 38-42.
Discussion.—Poor preservation and lack of other specimens, prohibits a positive
identification. Therefore, it is classified as Stylophyllopsis sp. based on the morphological
characteristics described by Cuif (1974), Roniewicz (1989), and Stanley and Whalen (1989) until
alternate material can be examined.

Suborder ARCHAEOCOENIINA Alloiteau, 1952
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Family PACTINASTRAEIDAE Alloiteau, 1952
Genus CHONDROCOENIA Roniewicz, 1989
Type Species. – Prionastraea schafhaeutli Winkler, 1861

CHONDROCOENIA WALTHERI Roniewicz, 1989
(Plate 4—1, 2, 6)
Type Species.—Astrocoenia waltheri FRECH 1890, p. 31, text-fig. p. 34
(See RONIEWICZ, 1989)

Description.—Corallites are spherical with frequent budding; d=1.5-3; s=18-22. The
septa are thick and differentiated in two cycles; S1 is long and reaches the columella; S2 is
slightly shorter than S1 and also reaches the columella. Trabecular protrusions from S1 reinforce
the columella. Septa numbers vary depending on ontogeny.
Material Examined.—Four fragmented colonies from the Excelsior Gulch conglomerate,
southern Wallowa Mountains, Oregon.
Occurrence.—Norian, southern Wallowa Mountains, Wallowa terrane, Oregon;
Rhaetian, Zlambach Beds of Fischerwiese, Rhaetian Reefs of Adnet and Rötelwand, Northern
Calcareous Alps.
Discussion.—The material examined is identical to that described by Roniewicz (1989).
C. Chondrocoenia was previously only known from the Rhaetian Northern Calcareous Alps
making this the first occurrence of C. Chondrocoenia in North America.
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Suborder ASTRAEOINA Alloiteau, 1952
Family PAMIROSERIIDAE Melnikova, 1984

Genus CRASSISTELLA Roniewicz, 1989
Type species.—Stephanocoenia juvavica FRECH, 1890.
CRASSISTELLA JUVAVICA (Frech, 1890)
(Plate 4—8, 11)
Astrocoenia sp. FRECH, 1890, p. 36, text-fig. on p. 36.
Isastraea profunda SMITH (not Reuss), part, 1927, p. 128, pl. 114, fig. 2.
Isastraea parva SMITH, 1927, p. 128, pl. 114, fig. 9.
Cyathocoenia parva (Smith) MONTANARO-GALLITELLI, RUSSO, AND FERRARI, 1979, pl. 1, figs.
6a, 6b.
Cyathocoenia aff. C. carinata (Cuif) MONTANARO-GALLITELLI, RUSSO, AND FERRARI, 1979, p.
138, pl. 1, figs. 3a-4b.
Rhaetiastraea cf. R. vesiculosa (Melnikova in Melnikova and Bychkov) STANLEY AND WHALEN,
1989, figs. 7.3-7.5.
(See RONIEWICZ, 1989; MELNIKOVA, 2001; Caruthers and Stanley, 2008)
Description.—Colonies laminar, encrusting, massive; corallites cerioid, polygonal; walls
sharp, distinct; columella; d = 1.8-3.5 mm, s = 15-32, septa differentiated to two or three cycles;
S1 and S2 combine to columella; S1 thicker, wedge-shaped; S2 thinner; S3 is rare and projects
adjacent to the wall adhering to lateral surfaces of S1 and S2.
Material examined.—Five fragmented colonies from the Summit Point Member, southern
Wallowa Mountains.
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Occurrence.—Widely distributed geographically: Norian, southern Wallowa Mountains,
Wallowa terrane, Oregon; Shasta County, California; early Norian, Gravina Island, Keku Strait,
Wrangell Mountains, Alaska; Hells Canyon, Oregon; Norian-Rhaetian, Northern Calcareous
Alps; Pamir Mountains; and northeast Asia.
Discussion.—C. juvavica (Frech) is morphologically identical to illustrations of
Cyathocoenia aff. C. carinata Cuif and Cyathocoenia parva (Smith) in Montanaro-Gallitelli et
al. (1979, pl. 1, figs. 3, 4, pl. 1, fig. 6) and C. juvavica in Melnikova (2001, pl. 28, figs. 4,5).

Suborder PACHYTHECALIINA Eliášová, 1976
Superfamily VOLZEIOIDEA Melnikova, 1974
Family VOLZEIIDAE Melnikova, 1974
Cuif (1977) designated the informal “group Volzeia” to designate corals belonging to the
genus Volzeia Cuif (1966). Roniewicz (1989, p. 24) redefined Cuif’s new taxon, assigning it to
the taxonomic family level and Melnikova (1974) formally designated a superfamily and family
that we use to accommodate the genus Volzeia.
Genus VOLZEIA Cuif, 1966
Type species. – Thecosmilia badiotica Volz, 1896
VOLZEIA BADIOTICA (Volz, 1896)
(Plate 2—1, 2, 3, 5, 6)

Thecosmilia badiotica VOLZ, 1986, p. 26, pl. 2, figs. 14-19
Thecosmilia subdichotoma MÜNSTER—Vinassa de Regny, 1915, p. 91, pl. 68, fig. 7.
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Thecosmilia sp. KANMERA, 1964, p. 125, pl. 13, fig. 12. 14, figs. 1-13.
Volzeia badiotica (Volz). Cuif, 1966, p. 126, fig. 1, pl. 4, fig. 1; Cuif, 1975, p. 342, figs. 19 a, b,
figs. 23 d, f; Punina, 1999, p. 73, 74, pl. 1, fig.4.
Volzeia Cuif, 1977, pl. 3, figs. 9-12; Turnšek et al., 1982, p. 69, pl. 3, figs. 4, 5; Ramovs and
Turnšek, 1984, p. 178, pl. 8, fig. 1.
Volzeia cf. badiotica CUIF. Deng and Zhang, 1989, p. 291, pl. 2, fig. 5, pl. 3, figs. 3 a, b.
Volzeia sublaevis (MÜNSTER) Turnšek et al., 1982, p. 70, pl. 3, fig. 6; Ramovs and Turnšek,
1984, p. 178, pl. 8, figs. 2, 3.
Description.— Phaceloid. Wall epithecal incorporating peripheral borders of septa. Increase
intracalicular with a dividing wall. Radial elements costoseptal, compact. Mid-septal zone
straight, lateral stereome fibronormal. Endotheca abundant.
Material examined.—12 specimen from the Summit Point Member, southern Wallowa
Mountains, northeastern Oregon.
Occurrence.— Carnian-Norian, southern Wallowa Mountains, Oregon; Carnian of the Italian
Dolomites; Carnian, Julian Alps, Slovenia; Upper Triassic, Timor; upper Triassic, southern
Kyushu Japan.
Discussion.—Thecosmilia badiotica was named by Volz (1986) and recombined as Volzeia
badiotica by Cuif (1968). Other species of Volzeia have been reported from the late Early
Triassic and the early Middle Triassic. V. badiotica described from the southern Wallowa
Mountains agrees with illustrations and descriptions of Turnšek (1997). This is the first reported
occurrence of V. badiotica in North America.
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VOLZEIA SUBLAEVIS (Münster, 1841)
(Plate 2—4,7, 8,11)

Lithodendron sublaeve. MÜNSTER, n.v., 1941.
Thecosmilia sublaevis MÜNSTER. Volz, 1896, p. 24-26, pl. 2, figs. 1-5.
Thecosmilia sublaevis (MÜNSTER) Volz, 1935, Kühn, p. 113.
Thecosmilia sublaevis MÜNSTER. Montanaro Gallitelli et al., 1973, Table 1.
Volzeia sublaevis (MÜNSTER), Cuif, 1974, p. 337-352, text figs. 18, 23, 24.
Volzeia sublaevis (MÜNSTER), Turnšek et al., 1982, p. 70, pl. 3, fig. 6.
Volzeia sublaevis (MÜNSTER), Turnšek and Senowbari-Daryan,1994, p. 479-480, pl. 1, fig. 7.
Volzeia sublaevis (MÜNSTER), Turnšek, 1997, p. 211, figs. A-D.
Description.—Phaceloid, corallites are circular with wedge shaped laterally ornamented
radial septa in 3-4 cycles; d=3-6 mm, s=42-56. Thin epitheca, tabulate and large dissepiments,
columella is not present. S1is the longest and almost approaches the center; S2 extends half the
length of S1; S3 varies in length but always is seen just protruding from the corallite wall. V.
sublaevis is distingued from V. subdichotoma by smaller corallite size, more septa and lateral
septal ornamentation.
Material Examined.—Four recrystallized colonies from the Summit Point stratotype and 5
fragmented colonies from Torchlight Gulch, southern Wallowa Mountains, Oregon.
Occurrence.—Late Carnian-early Norian, southern Wallowa Mountains, Oregon; Late
Ladinian, Bükk Mountains, Hungry; Peca-Mezika reef, Slovenia; Carnian, Hydra, Greece;
Amphiclina Beds of Slovenia; Phatthalung, Thailand
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Discussion.— Lithodendron sublaeve was named by Münster (1841). It is the type species of
Remismilia. It was recombined as Thecosmilia sublaevis by Volz (1896) and as Remismilia
sublaevis by Beauvais (1972) and most recently as Volzeia sublaevis by Turnšek (1997). This is
the first occurrence of V. sublaevis in the Norian and the first occurrence in North America.

Family PROTOHETERASTRAEIDAE Cuif, 1977
Genus PROTOHETERASTRAEA Wells, 1937
Type species. – Hexastraea leonhardi Volz, 1896.
PROTOHETERASTRAEA KONOSENSIS (Kanmera, 1964)
(Plate 1—1-4, 6-8)

Thecosmialia konosensis Kanmera, 1964, p. 127-129, pl. 1, figs. 1-8, pl. 16, figs. 1-9
Volzeia sublaevis (Münster). Ramovš and Turnšek, 1984, pl. 8, fig. 3.
Protoheterastraea konosensis (Kanmera). Ilijina and Melnikova, 1986, p. 44. Pl. 9, fig. 1;
Melnikova, 2001, p. 38, pl 8, figs. 3a-d.
Description. – This distinctive phaceloid species was well described by Kanmera (1964) who
illustrated well-preserved and abundant material from the Koguchi locality, KO. 325.
Material examined.— Five recrystallized from the Summit Point Member, Wallowa
Mountains, northeastern Oregon.
Occurrence. – Upper Triassic (?Carnian) from the Koguchi locality (KO. 325); Upper
Triassic (Norian) Pamir Mountains; Carnian, Slovenia; Upper Triassic (Norian) Sambosan
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Accretionary Complex, Japan; Upper Triassic (Carnian-Norian) southern Wallowa Mountains,
Oregon.
Discussion. – Kanmera’s (1964) type material is among the best preserved and most
abundant of the specimens from the KO. 325 locality, owing to infilling of critical parts of the
corallite with mud but recrystallization has obscured most of the microstructure.
Kanmera (1964) referred his species to Thecosmilia and suggested it had a close alliance with
Thecosmilia subdichotoma Münster as described in Volz (1896). Most of the older genera
referred to Thecosmilia now are placed in Distichophyllia Cuif (1975). However, similar to the
Stanley and Onoe (2009) description of the species from Japan, it is defined both by its regular
septal apparatus and the unusual manner of intracalicinal budding, tending toward tripartite and
rarely quadripartite individuals assigning it to the genus Protoheterastraea.
In the material illustrated by Kanmera (1964) commonly three to four corallites arise by
intracalicinal budding. Kanmera (1964) correctly regarded this type of budding as diagnostic
feature when erected his new species. The same mode of budding also was demonstrated in a
closely related species, P. alakirensis from the lower Norian (Cuif, 1975, p. 352) in some related
specimens that Cuif (1975) referred to as Volzeia fritschi (Volz), from the Carnian Cassian
Formation. This mode of budding also is found among Carnian corals from Slovenia that were
assigned to Volzeiasublaevis (Münster) – Ramovš and Turnšek (1984, Pl. 8, fig. 3).
Melnikova (2001) re-illustrated and described Protoheterastraea konosensis from the Pamir
Mountains.
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Genus CERIOHETERASTRAEA Cuif, 1976
(Plate 4—16, 17, Figure, 4.8)
Type species.—Cerioheterastraea cerioidea Cuif, 1976
CERIOHETERASTRAEA sp.
Description.—Cerioid colonies that reproduce by way of polyseptal division and
intratentacular peripheral budding simultaneously. Corallites are polygonal; d= 4-7; s= 70-112.
The septa are thin, slightly wedge-shaped, and alternate in two cycles. Septal numbers increase
as the diameter of the corallite increases, and during polyseptal division.
Material Examined.—Two fragmented colonies from the Hurwal Formation, southern
Wallowa Mountains and one fragmented colony from the upper member of the Huntington
Formation in the Olds Ferry terrane, northeastern Oregon.
Occurrence.—Norian, southern Wallowa Mountains, Wallowa terrane and Willow Spring,
Olds Ferry terrane; Russia; Carnian, Russia; Carnian-Norian, China; early Norian, Turkey.
Discussion.—The wall of each corallite is septothecal. A separating suture is visible between
the walls of neighboring corallites which is a distinguishing characteristic of this genus.
Vesicular dissepiments are arranged at steep angles to the axis of the corallite. Melnikova (1984,
2004) reported two species of Cerioheterastraea from the Norian, southeastern Pamir
Mountains. This is the first occurrence of Cerioheterastraea in North America.
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APPENDIX 2.—TABLE OF CHRONOLOGICAL PUBLISHED RESEARCH IN THE BLUEMOUNTAIN PROVINCE AND NORTH AMERICAN CORDILLERA.
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Publication
Smith, J.P.

Significance

Date
1912;1927 Fossil ammonoids and halobiids in the M artin Bridge Formation

Gilluly, J.

1937

Described the geology and mineral resources of the Baker terrane, Oregon.

Ross, C. P.

1938

Designated a type section near Smith (1927) locality of the M artin Bridge Formation; original author of the M artin Bridge Formation

Smith, W., and
Allen, J.

1941

Defined the M artin Bridge on the basis of stratigraphic sections at Hurricane Creek and the Upper Imnaha River drainage; informally named
"Lower Sedimentary Series"

Prostka, H.J.

1962

"Lower Sedimentary Series" on the basis of similar ages (Early Permian to Late Triassic (Carnian)).

Nolf, B.O.

1966

Described the structure and stratigraphy in the northern Wallowa M ountains; defined the Deadman Lake breccia

Vallier, T.L.

1974

Geologic map of the Snake River Canyon.

Brooks, H.C., et al.

1976

Geologic map of the Baker quadrangle

Jones et al.

1977

Compared terranes of the Blue M ountain Province with Wrengellia and others of the North American Cordillera

Vallier, T.L.
Vallier, T.L., et al.

1977
1977

Assigned the Permian to Upper Triassic volcanic and volcaniclastic rocks of the Wallowa terrane to the Seven Devils Group.
Petrogenesis of Seven Devils volcanics

Dickinson and
Thayer
Brooks and Vallier

1978

Described strata of the Izee terrane as depositionally overlying older rocks and structures of the Walowa, Olds Ferry and Baker terranes.

1978

Wilson and Cox
Hillhouse et al.

1980
1982

Designated the Blue M ountain Province of eastern Oregon and western Idaho as a compound terrane assemblage of accreted PaleozoicM esozoic volcanic arcs, sedimentary basins, and subduction complexes
Interpreted the Wallowa terrane to have experienced ~65 degree clockwise rotation following M esozoic accretion.
Paleomagnetism of the Seven Devils volcanics; Wallowa terrane, middle-late Triassic time, ~18 degrees N or S of paleoequator.

Newton
Silberling et al.

1983
1984

Described the paleozoogeography of Norian Bivalves from the M artin Bridge Formation.
M artin Bridge Formation as part of a thicker late Paleozoic to early M esozoic volcanic and sedimentary succession of the Wallowa terrane.

Ave Lallemant et
al.
Lundblad
M ullen
Whalen, M .T.
Follo, M .
M ortimer

1985

Oxbow shear zone records sinistral transpression in the Wallowa terrane; active intra-arc strike-slip fault system in the Late Triassic.

1985
1985
1985
1986
1986

Geology of part of the southern Wallowa M ountains; mapped isolated outcrops of the Excelsior Gulch conglomerate
Interpreted the Baker terrane as representing a subduction melange complex.
Discribed M artin Bridge carbonate platform facies in Hells Canyon of the Wallowa terrane.
Sedimentology of the M artin Bridge and Hurwal Formations; described the Excelsior Gulch conglomerate in southern Wallowa M ountains
Compared terranes of the Blue M ountain Province with Wrangellia and other island arc terranes of the North American Cordillera

Newton

1986

Described late Triassic bivalves of the M artin Bridge Formation

Stanley

1986

Compared Late Triassic coelenterate faunas of the M artin Bridge Formation with counterparts in the Northern Calcareous Alps

Stanley and
Senowbari-Daryan

1986

Interpeted Summit Point as a small coral-sponge reef;compared with the Dachstein Limestone; first alpine-type reef in the United States.

Vallier and Brooks

1986

Geology of the Blue M ountains Region (Oregon, Idaho, Washington).

Newton, C.A.

1987

Described in detail (illustrations and systematics) the biogeography of bivalves found in the Wallowa terrane.

Newton et al.

1987

Described and illustrated Triassic bivalves from the M artin Bridge Formation at Hells Canyon.

Newton, C.A.
Whalen, M .T.
Senowbari-Daryan,
B. and G.D.

1988
1988
1988

Significance of Tethyan fossils found in North America, specifically bivalves from the M artin Bridge Formation, Wallowa terrane.
Described the depositional history and carbonate rocks of the M artin Bridge Formation exposed at Hells Caynon within the Wallowa terrane.
Described Upper Triassic coralline sponges of the M artin Bridge Formation, Wallowa terrane.

Stanley and
Whalen
Flugel et al.
M cRoberts

1989

Described silicified Triassic corals and spongiomorphs from the M artin Bridge Formation in Hells Canyon.

1989
1990

First discovery of dasycladacean algae in rounded limestone clasts of the Excelsior Gulch conglomerate in the Hurwal Formation.
Biostratigraphy (Halobia) of the M artin Bridge ; shales represent normal background sedimentation on a carbonate slope environment.

M cRoberts and
Stanley

1991

Described a complete sequence across the Carnian-Norian boundary with diverse assembalges of halobiid bivalves and ammonoids in the
southern Wallowa M ountains.

White et al.
Follo, M .

1992
1992

Linked M . Jurassic Srata of the Wallowa, Olds Ferry, and Izee terranes; tectonic model of M . Jurassic amalgamation of a "super terrane."
provenance of Dead M an Lake Breccia (northern Wallowa M ountains) and the Excelsior Gulch conglomerate (southern Wallowa M ountains)

M cRoberts, C.
Follo, M .

1993
1994

Described the systematics and biostratigraphy of halobiid bivalves from the M artin Bridge Formation.
Facies and depositional model for M artin Bridge Formation

White, J. D. L

1994

Described intra-arc basin deposits exposed at Pittsburg Landing within the Wallowa terrane.

White, D.L and
Vallier
Ave Lallemant
Dickinson
LaM askin et al.

1994

Discussed the geologic evolution of the Pittsburg Landing area of Oregon and Washington.

1995
2004
2004

Discribed the tectonic evolution of the Blue M ountains Province from the Permian through Late Jurassic time.
Generalized description of the evolution western North American Cordillera.
Described the tectono-stratigraphic architecture and relationships of Upper Triassic through M iddle Jurassic strata in northeastern Oregon.

Dorsey R. and
T.A. LaM askin
Tumpane et al.
LaM askin, T.A.

2007

Tectonic model of the Blue M ountain Province indicating an early Jurassic Amalgamation of the Wallowa and Olds Ferry terranes.

2008
2008

Indicated that the Upper Huntington Formation also included Lower Jurassic rocks based on geochronological constraints.
Described four lithofacies recognized from a Carnian-Norian limestone bed of the lower Huntington Formation in the Olds Ferry terrane.

Stanley G.D., et al.

2008

Formally designated the name M artin Bridge Formation and reinstated its type locality in the southern Wallowa M ountains; designated the
Summit Point M ember as a second reference point of the M artin Bridge Formation.
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Plate 1—Photomicrographs of corals from the Summit Point Member. 1-4, 6-8 (UMIP
12593) Protoheterastraea konosensis. 1, 4, corallites displaying size variations and unique
budding of corallite. 2, 6, enlarged view of individual corallites illustrating characteristic septal
beading. 3, 7, longitudinal section showing of colony with dividing corallites. 8, individual
corallite demonstrating unique polyseptal division. 5, 9 (UMIP 12599) Crassistella juvavica. 5,
longitudinal view displaying characteristic dissepiments. 9, magnified longitudinal view. 10-13,
17 (UMIP 12600) Chondrocoenia waltheri. 10, 11, transverse image showing colonial
orientation. 12, 13, longitudinal sections. 17, magnified individual corallite. 14-16, 20 (UMIP
12590) Retiophyllia gephyrophora. 14, 15, transverse sections illustrating irregularly shaped
corallites in dense colony. 16, 20, transverse view of individual corallites exhibiting distinctive
large endothecal dissepiments and thick pellicular walls. 18, 19 (UMIP 27179) Distichophyllia
norica. Transverse sections of individual corallites.
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Plate 2—Photomicrographs of corals from the Summit Point Member. 1-3, 5, 6 (UMIP
12591) Volzeia badiotica. 4, 7, 8, 11 (UMIP 12637) Volzeia sublaevis. 4, transverse section of an
individual corallite. 7, transverse section of colony illustrating corallite orientation. 8,
longitudinal view. 11, oblique section of corallite. 9, 10, 13, 14 (UMIP 24526) Retiophyllia
frechi. 9, 14, longitudinal section illustrating small, high angle dissepiments. 10, transverse
section of the colony. 13, magnified transverse section of individual corallite. 12, 15, 16, 20
(UMIP 1236) Retiophyllia caespitosa. 12, transverse section of corallites in the colony
illustrating characteristic obtuse angle divergence and lack of connective outgrowths. 15,
magnified transverse view of individual corallite with distinctive trabecular connection of the
center. 16, oblique view of individual corallite. 20, magnified longitudinal view illustrating
large, rare dissepiments. 17, 18, 21 (UMIP 12602) Retiophyllia multiramis. 17, colony
displaying characteristic bifurcation at sharp angles with connecting processes; 18; close up of
individual corallite showing strongly ornamented septa; 21, transverse view of corallite
demonstrating primary septa filling axis; 19, 22, 23 (UMIP 12603) Cuifia cf. columnaris. 19,
transverse view of corallite. 22, enlarged transverse section of corallite.
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Plate 3.—1, 2 (UMIP 24574) Cuifia sp. 1, transverse section showing large round solitary
corallite; 2, enlarged image displaying septa cycles. 3, 6 (UMIP 12638) Retiophyllia cf. R.oppeli,
3, part of a colony illustrating frequent connecting processes and acute bifurcation; 6, single
corallite with strong first order septa and concave endotheca. 4, 5 (UMIP 26923) Retiophyllia
fenestrata, 4, colony showing orientation and placement of corallites; 5, longitudinal view of
individual corallite. 7, 8 (UMIP 22086) Retiophyllia norica, 7, solitary corallite illustrating
distinctive septa; 8, part of a colony displaying bifurcation. 9, 12 (UMIP 27179) Procyclolites
triadicus, 9, enlarged view showing beaded and strong septa; 12, part of an individual corallite
displaying columella. 10, 11 (UMIP 26893) Retiophyllia Sp. B., 10, part of a colony illustrating
rounded corallites with no columella; 11, large colony displaying corallite orientation,
bifurcation, and connecting processes.
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Plate 4.—1, 2, 6 (UMIP 12633) Chondrocoenia waltheri; 1, transverse section of colony;
2, magnified view of corallite; 6, longitudinal section of colony. 3, 4, 5, 7 (UMIP 12623)
Margarsmilia charlyana; 3, close up of corallite; 4, oblique section showing double division
with trabecular connection between corallites; 5, colony; 7, transverse section of individual
corallite. 8, 11 (UMIP 12624) Crassistella juvavica; 8, transverse view of colony; 11, individual
corallite. 9, 10,12 (UMIP 12630) Retiophyllia sp. A 13, 14, 18 (UMIP 12634) Astraeomorpha
crassisepta; 13, 14, magnified view of specimen in 13; 18, longitudinal section. 15, 19 (UMIP
12632) Distichophyllia norica; 15, transverse view of corallite; 19, magnified view of corallite.
16, 17 (UMIP 12627) Cerioheterastraea sp.; 16, Corallite with encrusting foraminifera,
Alpinophragmium; 17, Colony displaying characteristic bifurcation and abundant connecting
processes.
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Plate 5.—1,3,4,7 (UMIP 12639) Ampakabastraea cowichanensis; 1, colony showing
corallite arrangement, scale bar 2 mm; 3, close up showing well-defined wall and corallite
interactions, scale bar 2 mm; 4, close up of corallite, scale bar X 4; 7, longitudinal view of septal
growth, scale bar X 4. 2, 6 (UMIP 12640) Spongiomorpha ramosa; 2, transverse view illustrating
branching, scale bar, 5 mm; 6, close up showing branching coenosteum, scale bar X 2. 5, 8, 9
(UMIP 12641) Paracuifia n. sp.; 5, close up of corallite showing lonsdaleiod septa dissepiments
scale bar 5 mm X 2; 8, longitudinal view, scale bar 10 mm; 9, colony illustrating varying
ontogenetic corallite size, scale bar, 10 mm.
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